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PEREFEAGCE

Ixy its primary intention this work appeals rather to the
instructed anatomist than to the beginner. Itsaim is to
put into his hands a concise but complete account of all
the methods of preparation that have been recommended

{ as useful for the purposes of Microscopic Anatomy, and
¥ so furnish him with a ready source of information on
| points of detail as to which his memory or his knowledge

may be at fault. This object is attained by the mere

collection of Formulse set out in Part I, and of special
methods described in Part II. But the book could
obviously be made to subserve a further end—that of a
guide to the beginner. To this end I have added a
General Introduction and a series of introductory para-

: | graphs prefixed, where needful, to the different chapters,

These introductory portions, taken together, go far to

| make up a formal treatise on the art. And as a further
#l aid to the beginner I have added the collection of
| examples given in Part II. These examples are of

course not intended for servile imitation, but rather as

hints suggestive of the most fitting processes.




vi PREFACE

The collection of Formulse here brought together is, I
believe, practically exhaustive; no process haying any
claim to scientific status having been rejected, nor any,
I trust, unwittingly omitted. It may be useful here to
say a word as to the reasons for this—perhaps apparently
excessive—catholicity of treatment. Doubtless a large
proportion of the formule given are quite superseded in
modern practice ; but that is not a sufficient reason for
rejecting them. ‘The inclusion of all of them is justified
by the consideration that some one or other of them may
perhaps serve, in some way that cannot now be foreseen,
to suggest some new method of value. TLet me give an
example. Who, ten years ago, would have thought that
the formula of Blanchard’s ¢ Liqueur saline hydrargy-
rique’ deserved reprinting in a treatise on histologic
technic ? Yet it is to the disinterment of that forgotten
formula by Lang that we owe the establishment of
corrosive sublimate as one of the most useful fixing agents
in the arsenal of the microtomist. Or who would have
deemed Thiersch’s lilac borax-carmine (Formula No. 80a),
published in 1865, to be of greater importance than any
other stain till then made known? Yet that formula it
was that directly suggested Woodward’s admirable
aqueous borax-carmine, and through this, if I am not
mistalen, the aqueous and the aleoholic borax-carmines
of Grenacher, the latter of which is now to be found on
the table of every embryologist.

All my abstracts and translations have been made from
the original sources, except where it has been impossible
for me to obtain sight of these. References to the sources

e ke
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PREFACE vii

| are given in all cases; but I desire here to make special
acknowledgement of the great assistance rendered me
by the Journal of the Royal Microscopical Society—in
many respects the best-edited periodical known to me.

GENEVA (SWITZERLAND);
Februory, 1885,
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THE MICROTOMIST'S VADE-MECUM.

CHAPTER I.

INTRODUCTORY.

1. From a superficial inspection of the formule set out
in the following pages, an uninformed person might not
unreasonably conclude that microscopical methods are as
numerous as microscopical anatomists, or even that to every
particular investigation there belongs a particular process ;
he would not suspect that there is a backbone of consentaneous
practice running through modern researches. That conclusion,
however, would be erroneous; such a backbone exists; the
great majority of recent investigations have been mainly
carried out by carefully fizing the structures to be examined,
staining them with a nuclear stain, dehydrating with alcohol,
and mounting series of sections of the structures in balsam.
Or, to put the matter in another way, modern zootomists are
generally agreed as to the desirvability of working with care-
fully-fixed tissues (a thing which never entered the heads of
the old school), of working with dehydrated objects instead of
with objects soaked in any of the aqueous preservative media
| of the old school, and of working with series of sections
made with a microtome, instead of working with objects
| teased or squeezed or otherwise * dissociated,” as histo-
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logists of the old school were obliged to do in pre-micro-
tome times. And the agreement as to this practice is not
absent from matters of detail; the great majority of pre-
parations are made by fixing either with sublimate or a picric
acid combination, washing-out with alcohol, staining with
alcoholic borax-carmine, imbedding in chloroform-paraffin,
cutting with a sliding rmicrotome, and mounting the sections
in series in Canada balsam. By this, which may be called
the general or normal method, the work is blocked-out and
very often finished; special points being studied, if necessary,
by special methods, such as examination of the living tissue
elements in sitd, or in “indifferent” media; fixation with
more precise fixing agents, such as osmic acid or some chromie
mixture ; staining with more precise nuclear stains; dissocia-
tion by teasing or maceration. Practices antithetical to these
principles, such as throwing living tissues into weak glycerine
and leaving them to die and macerate there, or maling
multiple stains with gaudy but diffusely-staining anilins,
are not scientific, and are only employed by dilettanti or by
persens very ignorant of histology. The freezing microtome
is almost exclusively used by dilettanti and pathologists; T
have never seen one employed by a zoologist, nor met with any
account of a zootomical discovery made by means of it. Such
exceptions as might be quoted do not invalidate the position
that the method I have called general or normal really is
such; and as such I now proceed to describe it in sufficient
detail to enable any reader who is unacquainted with it to
study it for himself. The special methods will be found
sufficiently described under their respective headings, so that
it does not appear useful to write a general introduction to
them here.

2. The first thing to be dome with any structure is to,
fiz its histological elements. Two things are implied by
the word “ fixing;” first, the rapid killing of the element, so
that it may not have time to change the form it had during




INTRODUCTORY 3

life, but is fixed in death in the attitude it normally had
during life; and second, the hardening of it to such a degree
as may enable it to resist without further change of form the
action of the reagents with which it may subsequently be
treated. Too much stress can hardly be laid on this point,
which is the most distinctive feature of modern histological
practice ; without good fixation it is impossible to get good
staing, or good sections, or preparations good in any way.

The most convenient fixing agents are picro-sulphuric acid
and corrosive sublimate. The structure having been duly
treated with one of these, or with some other (for details
concerning the employment of these reagents see the chapter
on Fixine AgenTs), is to be washed in order to remove from
the tissues as far as possible all traces of the fixing reagent.
If corrosive sublimate, or osmic acid, or a solution into which
«chromic acid or a chromate enters, has been used for fixing,
the washing may be done with water. But if picric acid in
any form has been used, the washing must be done with
alcohol. The reason of this difference is that the first-named
reagents (and indeed all the compounds of the heavy metals
used for fixing) appear to enter into a state of chemical
combination with the elements of tissues, rendering them
insoluble in water; so that the hardening induced by these
agents is not removed by subsequent treatment with water.
Picric acid, on the other hand, produces only a very slight
hardening of the tissues, and does not appear to enter into
any combination whatever with their elements, as it is entirely
removable by treating the tissues with water or aleohol. If
the removal be effected by means of water, the tissue
elements are left in a soft state in which they are obnoxious
to all the hurtful effects of water. Alcohol must therefore
‘be taken to remove the picric acid, and to effect the necessary
hardening at the same time.

At the same time that the superfluous fixing agent is being
removed from the tissues, or as soon as that is done, the
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water of the tissues must be removed. This is necessary for
two reasons; firstly in the interest of preservation, the
presence of water being the condition of all others that most
favours post-mortem decomposition; and secondly, because
all water must be removed in order to allow the tissues
to be impregnated with the paraffin necessary for section-
cutting, or with the balsam in which they are to be finally
preserved. (The cases in which aqueous imbedding and
preserving media are employed are exceptional, and will be
treated of in the proper places.) This dehydration is per-
formed as follows: the objects are brought gradually into
alcohol, which is effected by transferring them into it by
means of a small spoon or a pipette, so that they carry with
them a little atmosphere of aqueous fluid into which the
surrounding alcohol gradually diffuses. They are then passed
through successive alecohols of gradually increased strength,
for instance, 50 per cent. two hours, 70 per cent. six to
twenty-four hours, 80 per cent. several hours, 95 per cent.
two or three hours, absolute alcohol, time enough for complete
saturation. (Very small objects, so small that section-cutting
is not necessary, may be dehydrated much quicker than this.
Infusoria may be prepared in a few minutes.) The water
having been thus completely removed, the object is brought
into good chloroform, where it remains till saturated, which
generally happens in a few minutes in the case of fairly small
objects. The chloroform is now to be gradually saturated
with paraffin. This is done by placing it, with the object,
on a water-bath, heating it to the melting point of the
paraffin employed, and dropping into it from time to time
small pieces of paraffin, When it is seen that no more
bubbles are given off from the object the addition of paraffin
may cease, as that is a sign that the paraffin solution has
entirely taken the place of the chloroform in the object. - This
displacement having been gradual, the risk of shrinkage of
the tissues is reduced to a minimum. The heating is then
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continued (at the melting point of the pure paraffin) until
| the whole of the chloroform has been driven off, which
may be conveniently tested by the smell. The object is
then imbedded in a convenient position, and sections are
eut (see Imeepping Mzrmops). The sections, cut dry, are
mounted in series on a slide by the method of Frenzel, or by
that of Schallibaum, or by that of Mayer (see SERIAL SECTION
MersoDs). The paraffin is now removed and the sections
are stained, generally with borax-carmine, which two opera-
tions are performed as follows: A series of glass tubes large
enough to hold a slide is filled with the following reagents,
and arranged in the following order: Turpentine (or naphtha);
absolute alcohol ; 90 per cent. alcohol ; 70 per cent. alcohol ;
alcoholic borax-carmine; 70 per cent. alcohol acidulated with
HC1; 90 per cent. alcohol; absolute alecohol. The slide,
having been warmed to the melting point of the paraffin, is
plunged into the turpentine, which removes the paraffin;
then passed through the tubes with the successive alcohols
into the stain, from which it is brought into the successive
alcohols of the ascending series, which wash out the stain
and dehydrate the sections. Nothing more now remains to
be done but to treat the sections with a drop of benzol or
turpentine, and to add Canada balsam and a covering glass.
The plan of staining sections on the slide is of very recent
introduction ; before it had been worked out the practice was
to stain structures im fofo, before cutting sections, And in
cases in which structures are sufficiently small and permeable
to allow of satisfactory staining in this way, and if it be not
essential to save time, this plan is quite as good as the one
described. In this case the object after having been fixed and
washed out is taken while still on its way through the lower
aleohols (it should not be allowed to proceed to the higher
grades of alcohol before staining) and passed through a bath of
aleoholic borax-carmine (or other aleoholic stain) of sufficient
duration, then dehydrated with successive alcohols, passed
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through ehloroform into paraffin, and cut as above described,!
the sections in this case being mounted direct from the tur-
pentine or naphtha with which the paraffin is removed. If
aqueous staining media be employed (and it is sometimes very
desirable for particular purposes to prepare specimens with
alum-carmine or picro-carmine) the structures should either
be stained in fofo immediately after fixing and washing out,
or sections may be stained on the slide in the manner above
described, a bath of 35 per cent. alcohol being intercalated
between the 70 per cent. alcohol and the aqueous stain, and
between the latter and the ascending series of alcohols.

The treatment of objects which can be studied without
being cut into sections is identical with that above described,
with the omission of those passages that relate to the treat-
ment with paraffin. Tts normal course may be described as
fixation with sublimate or picro-sulphuric acid, washing out
with aleohol, staining with alcoholic borax-carmine, treatment
with successive alcohols of the grades above named, final
dehydration with absolute alcohol, clearing with clove oil, and
mounting in balsam. The remarks above made as to the
employment of aqueous stains apply to this case, these
stains being employed, as a rule, before the treatment with
alcohol ; it being a maxim that an object that has once been
in alcohol should not be allowed to go back into water, if that
can possibly be avoided.

In the case of structures that are intact and covered by an
integument not easily permeable by liquids special care must
be taken to avoid shrinkage from exosmosis on the passage from
the last alcohol into oil of cloves. A slit should be made in
the integument, if possible, so that the two fluids may mingle
without hindrance. And in all cases the passage is made

L If the objects have already been soaked in clove oil, or other essential
oil, for the purpose of clearing, they may either be imbedded direct from
the clove oil, or this may be removed by means of chloroform, which is the
better practice,




INTRODUCTORY ; 7

@ gradual by placing the oil of cloves (or other clearing medium)

.M under the alcohol: This is done as follows: A sufficient
" quantity of alcohol is placed in a tube (a watch-glass will do,
" but tubes are generally better), and then with a pipette a
i sufficient quantity of clove oil is introduced at the bottom of
the aleohol. The two fluids mingle but slowly. The objects
to be cleared being now quietly put into the supernatant
alcohol, float at the surface of separation of the two fluids,
the exchange of fluids takes place gradually, and the objects
slowly sink down into the lower layer. When they have
sunk to the bottom, the alcohol may be drawn off with a
pipette, and the objects examined in the clearing medium, or
mounted in balsam. (It may he noted here that this method
of making the passage from one fluid to another applies to
all cases in which objects have to be transferred from a
lighter to a denser fluid, for instance, from alcohol, or from
water, to glycerine.)

3. The Naples Methods!—It may be useful here to give an
account of the methods actually employed in the Zoological
Station of Naples, both in order to bear out the statements I
have made regarding the general method of research, and in
order to call attention to one or two points which it is neces-
sary to take into consideration in the study of marine
organisms.

Fixation is always carefully attended to. Pure aleohol is
not very suitable as a fixing agent, as it precipitates most of
the salts of the sea-water adhering to the surface of marine
animals, thus giving rise to a crust that prevents the pene-
tration of the alcohol to the interior (thus allowing macera-
tion of the internal structures to be set up), and also hinders

; 1 Mayer, in ¢ Mitth. Zool. Stat. Neapel,” ii (1881), p. 1, ef seq. See also
the abstract in ¢ Journ. Roy. Mie. Soc.” (N.S.), ii (1882), pp. 866—881, and
that in ¢ Amer. Natural,” xvi (1882), pp. 697—708, in which two last some
improvements are mentioned which have been worked out since the pub-

lication of Mayer’s paper.
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the penetration of staining fluids. Besides this, it often gives
rise to a coagulation of the perivisceral fluids that glues the
viscera together in a most undesirable manner. Therefore, if
alcohol is used, acidulated alcohol is generally taken (see
Fixive Aernrts). But the fluid most used is Kleinenberg’s
picre-sulphuric acid (see Frxiva Aeunrs). The great advan-
tages of this fluid are that it kills quickly, that it removes the
sea-salts from the tissues, and that it allows of good staining
subsequently. For special cases picro-nitric or picro-hydro-
chloric acid is used instead (see Fixine Aagnnrs), Osmic acid
is used, but only for very permeable tissues (on account of its
very feeble penetrating power), and in cases in which it is
not important that a subsequent nuclear stain should be
easily attainable (see Fixing Agents). Chromic acid is also
avoided as much as possible on account of its hindrance to
staining (see Fixing Acunts). Combined with platinum chlo-
ride however, in the mixture known as Merkel’s fluid, it is said to
allow of good staining, and is found useful in some special
cases (see Fixine Aennrs), Corrosive sublimate is found very
convenient, and is the fluid most used, excepting picro-sul-
phuric acid (see Fixine Ac¢ENTS).

Washing out is done with successive alcohols, water being
used only in the case of corrosive sublimate, osmic acid, or
the chromic mixtures. Staining is done in almost all cases
with alcoholic staining media, and these are made to contain
if possible about 70 to 80 per cent, alcohol (not more, because
it is found that fluids containing much more than that pro-
portion of aleohol stain more diffusely than solutions weaker
in alecohol). The stains most used are Grenacher’s horax-
carmine, Mayer’s modification of Grrenacher’salcoholiccarmine,
Kleinenberg’s hematoxylin, and Mayer’s cochineal (for all
these sce Srainine AgEnTs). Anilin stains are only used
in special cases, viz. as nuclear stains by the Hermann-
Bottcher process (see STANING AGENTS, ANILIN SraINg).

Aqueous stains are more seldom used, but alum-carmine
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and picro-carmine are frequently found very useful. Eosin
is only used for double staining in combination with picro-
carmine (see Stainine Acents, Picro-carmine and Eosin).
All stains containing ammonia are most carefully avoided.

TImbedding is generally done with chloroform-paraffin; wax-
and-oil, “after Briicke’s plan,” being sometimes preferred for
very delicate objects. Calberla and Selenka’s albumen im-
bedding process is abandoned, partly on account of the aqueous
nature oft the process, and partly on account of the long
immersion in the warm liquid that is necessary. Sections are
generally stained on the slide after having been fixed in posi-
tion by one of the methods above mentioned ; but many ob-
jects are still stained in tofo before cutting.

Clearing is done with clove oil, cannel oil, bergamot oil, or
turpentine according to circumstances (see CLEARING AGENTS).
Minute dissections are done, if necessary, in a drop of the
clearing agent (see CLEARING AcExNTs, Clove 0il). Mounting
is done in chloroform-balsam, or in colophonium (see Exanr-
wnarroN Mepra). Aqueous mounting media are very seldom
employed, for the two reasons, that to get thoroughly rid of
the water of an object is the thing most essential to the per-
manent preservation of tissues, and that « it is seldom that 1t
is not possible to mount an object in balsam so as to show
more than can be seen in any glycerin or other aqueous pre-
paration.”’

Tt is important that the reasons for employing alcoholic
rather than aqueous staining media be rightly understood.
Since, in most cases, treatment with alcohol forms part of the
fixing process, alcoholic solutions are logically indicated for
staining. For by means of them it is possible to avoid the
bad effects that follow on passing delicate tissues from alcohol
into water, violent diffusive currents being thereby set up
which sometimes carry away whole groups of cells; swellings
being caused in the elements of the tissues; and, if the immer-
sion in the aqueous medium be prolonged, as is generally
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necessary in order to obtain a thorough stain, maceration of
the tissues supervening. But alcoholic staining fluids have
still other advantages; they are vastly more penetrating ;
with them alone is it possible to stain through chitinous in-
teguments; they stain more quickly; the stain as a rule is
more precise ; and, if it be desired to stain slowly, tissues may
be left in them for days withoutdurt.

There are a few exceptional cases in which aqueous staining
media are admissible, and some in which they are preferable
to alcoholic media. Thus Mayer finds that picro-carminme is
less hurtful to tissues than other aqueous stains, and attri-
butes the result to the picrin contained in the solution ; and
other workers have found that alum-carmine gives very good
results when employed after alcohol. And in general with
tissues that have been well hardened in chromi¢ acid the
action of aqueous fluids does not appear to be seriously hurt-
ful. Mayer observes that with certain groups of animals it
18 necessary to allow the tissues to be reimbibed and swelled
up with a watery fluid in order to obtain the required action
of the colouring agent. Lang finds that Turbellaria can only
be successfully stained by means of an aqueous solution of
piero-carmine and eosin,




FIXING AGENTS

CHAPTER IT,
FIXING AGENTS.

4. By the fixing of tissues is meant the rapid killing of
their elements, together with such a degree of hardening as
guffices to fix them in their natural forms, and enable them
without distortion or other injury to undergo such further
treatment with staining agents or other chemical reagents,
such hardening or clarifying processes, as may be desirable.
I do not, as some writers appear to do, restrict the meaning
of the term to the instantaneous killing and hardening of
protoplasm” alone, but include also under it a preliminary
hardening of the formed tissue-elements, fibres, tubes, mem-
branes, and so forth, An example or two will make evident
both the meaning of the term and the importance of the
process in all researches into delicate structures. In the
course of their beautiful inquiry into the “ Development and
Retrogression of the Fat-cell” (vide ‘ Journ. Roy. Mie. Soc.;’
vol. xi, p. 353) the Hoggans investigated the relations subsist-
ing between the wandering cells found on serous membranes
and the fat-cells also found there. They chose as an object of
study the growing broad ligament of pregnant rats and mice.
They drenched the animals with chloroform, with the idea of
anmsthetising the individual cells of its tissues, they stretched
the portion of membrane to be examined over vulcanite rings,
and treated it with solution of nitrate of silver, in order not
only to fix “the various cells forming the membrane in the
condition or shape they possessed during life,” but also in
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order that “the shoals of wandering cells, which are con-
tinually groping over the free surfaces of the abdominal
organs,” might be firmly fixed in sitié on the membrane.
They were thus (they claim) able to show that fat-cells are
specially developed from wandering ecells, “which may
appear to be round or branched cells, according to the
process by which they have been prepared.” The authors
state that at first they injected the animal, but gave up that
practice on finding that the loss of time caused them to miss
“some most valuable indications.” It must, I think, be
evident that in such a case as this, if the observer does not
talce care to kill the cells of his tissue instantaneously, but
* allows them to die at leisure (as would happen, for instance,
if he began by injecting a carmine-gelatin solution and
waited for it to set before proceeding to the examination of
the membrane), the branched cells will all draw in their
processes, and appear in his preparation as round cells. I
give this case as an example of the employment of a fixing
agent for rapidly killing and hardening protoplasm without
change of form; I will now give one to illustrate the useful-
ness of such an agent for rapidly hardening and fixing in
their true form structures not protoplasmic. If a portion of
living retina be placed in aqueous humour, serum, or other
so-called “indifferent” medium, or in any of the media used
for permanent preservation, it will be found that the rods
and cones will not preserve the appearance they have during
life for more than a very short time; after a few minutes a
series of changes begins to take place, by which the outer
ends of both rods and comes become split into dises, and
finally disintegrate so as to be altogether unrecognisable,
even if not totally destroyed. Further, in an equally short
time the nerve-fibres become varicose, and appear to be
thickly studded with spindle-shaped knots; and other post-
mortem changes rapidly occur. If, however, a fresh piece of
retina be treated with a strong solution of osmic acid, the
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whole of the rods and cones will be found perfectly preserved
after twenty-four hours’ time, and the nerve-fibres will be
found not to be varicose. After this preliminary hardening,
portions of the retina may be treated with water (which
would be ruinous to the structures of a fresh retina), they
may even remain in water for days without harm; they may
be stained, acidified, hardened, imbedded, cut into sections,
and mounted in either aqueous or resinous media without
suffering.

For the study of the intimate processes of segmentation of
ova, and division of cells generally, it is evident that the
employment of fixing agents is a necessity; for it is a princi-
pal object of such study to seize upon particular moments of
very transient phenomena, to investigate structural arrange-
ments that exist only during a fleeting instant of cell-life,
and that vanish without leaving a trace behind if the cells
are allowed to die off slowly. The researches of Fol on the
phenomena attending the impregnation of the ovum, and of
Flemming and Strashurger on the division of cells and nuclei,
could not have been carried out without some means of
quickly rendering permanent the transient states it was
desired to study. i

Fixing agents, then, afford a means of preserving a record
of moments of vital activity that would otherwise be inacces-
sible to observation. They also afford a means of seizing on
transient states of functional activity, and preserving them
for leisurely study. Ranvier wished to investigate the rela-
tions of the different parts of muscle substance in the
different stages of contraction and relaxation of the muscle.
Study of the living muscle would not suffice, as it is impos-
sible to follow with the eye the rapid changes by which a
muscle passes from the state of contraction to that of relaxa-
tion or the reverse. By the injection of a drop of osmic acid,
muscular tissue is instantly fixed in the form it has when the
acid comes into contact with it, and specimens of muscular
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fibre in all of its physiological states may he obtained and
preserved as records of moments whose duration is measured
by fractions of a second. e

The processes that have been imagined for the preparation
and permanent preservation of protozoa form another case in
point. By simply fixing the animals on the slide by means
of picric acid or osmium they may be stained, cleared, and
mounted either in an aqueous medium, or in balsam, as
successfully as the tougher tissues of higher organisms. To
attempt to mount them in any medium without first sub-
jecting them to that preliminary hardening brought about by ;
the use of fixing agents would be hopeless. TLastly, I may e
give an example of the usefulness of fixation in cases in which o
it is desired to prepare contractile organisms in their natural
extended state. Suppose you wish to mount a hydra with
the tentacles extended, it is obvious that the animal must be
killed with the utmost rapidity or the tentacles will be with-
drawn before death, and you will have no means of getting
them extended afterwards. If the animal be placed in a cell
with a few drops of water, and if as soon as the tentacles are
fully extended you add one drop of 2 per cent. solution of
osmic acid the hydra will be killed with such lightning speed
that not a tentacle will be retracted (Ranvier).

In blood we have an example of a tissue of which it is
simply impossible to obtain permanent preparations well
preserved without previous fixing.. But if blood be treated,
as a first step in the process of preparation, with picric acid
or corrosive sublimate, it may be stained and mounted in
some preservative medium with such success as to be avail-
able for the most minute study. And the same is true in
general of other tissues. “Fresh tissue-elements or portions _
of tissue cannot be kept as preparations without undergoing g
modifications, such that after a few days their whole character 0
ig changed. Certain liquids have for a long time been recom- (
mended as/having the property of preserving indefinitely I
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| tissues that are put into them in the fresh state; but in
i reality none of these liquids has such a property. It is
| possible to obtain permanent preparations of the most delicate
organic elements; but in order to attain that end it is neces-
sary to employ not one single preservative liquid, but a series
of reagents, of which some serve to fix the elements in their
form and render them more or less unchangeable, others to
stain them, and others, finally, to preserve them from ulterior
changes 7’ (Ranvier).

5. A fixing agent should possess the following qualities:
Tt must kill quickly, without exerting any injurious chemical
action on the tissues ; it must not be dehydratant, or it will
cause shrinking ; it must not interfere with subsequent pro-
cesses, as by dyeing the tissues, or by preventing them from
staining well, or by making them brittle, There is, I believe,
only one reagent that is free from all these defects, viz. vapour
of osmium ; choice must be made amongst the others, when-
ever it is necessary to employ one of these, of that which has
the least defects for the particular case.

Fixing agents may be conveniently grouped into two classes:
those which do not seriously interfere with subsequent stain-
ing by carmine, and those which do. In the former class we
have—

Alcohol.

Osmium vapour.

Corrosive sublimate.

Picric acid (either pure or in the form of Kleinenberg’s
fluid).

Merkel’s solution.

Nitric acid.

Silver nitrate (in weak solutions).

In the latter class we have—

Chromic acid.
Chromate of ammonia.
Potassium bichromate,
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Palladium chloride.

Silver nitrate (in strong solutions).
Osmic acid in solution.

Gold chloride.

Perchloride of iron.

It is not intended to be asserted that the quality of the
carmine stain is necessarily seriously impaired by the use of
these fixatives, but merely that they make staining uncertain,
and sometimes, as in the case of chromic acid, so difficult of
attainment by carmine or hematoxylin that the operator is
driven to one of the anilin colours. Osmic acid comes into
this category on account of its tendency to overblacken, and
of the obstinacy with which it remains fixed in the tissues
when used in solution,

It may be stated that, as a general rule, the reagents that
best preserve the forms of cells are— =

Chromic acid.
Osmic acid.
Picrice acid,
Gold chloride,

The truest appearances are in most cases obtained by
chromic or osmie acid; osmie acid will probably be preferred
in the case of small organisms or portions of tissue on
account of the great rapidity and energy of its action; but it
has the great defect of possessing a very feeble penetrating
power. Picric acid has very great penetrating power, and
gives excellent results, but requires time for its removal from
the tissues. Grold chloride is uncontrollable in its action.

For these and other reasons it will often be advisable to
select one of the remaining reagents. One-third alcohol ig
somewhat feeble in its action, but is, on the whole, an
admirable reagent for fixing, and has the great advantage of
being the pleasantest of all to work with. Silver nitrate is
useful for the study of superficial structures (epithelia), and
nitric acid and corrosive sublimate are found to give admirable
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: results in many cases. Bichromate of potash is a very useful
- reagent of general applicability.

The following are the points that it is most important to
| bear in mind:

Osmiec acid must not be used with impermeable tissues.
Kleinenberg’s solution is less adapted for the tissues of

¥ vertebrates than for those of invertebrates, on account of its

causing connective tissue to swell.
Chromic acid is a very safe reagent, if not used in
" too strong solutions, and may always be used in case of

Uq doubt.

In the case of marine organisms it may be stated as a
. general rule that their tissues are more refractory to the
. action of reagents than are the tissues of corresponding
- fresh-water or terrestrial forms, and fixing solutions should
in consequence be stronger (about two to three times stronger,
according to Langerhans).

6. Heat as a Fixing Agent.—In some cases the simple
application of heat is not only a good means of fixing, but the
very best. Ova of some Arachnida, of Pycnogonida, ova and
larva of some Bryozoa, are better fixed by this means than by
any other. It will probably be found that this methed is
very helpful in the case of minute struetures enclosed in very
impervious cases of chitin or other impervious material;
such cases or capsules obviously opposing but an inappreciable
resistance to the passage of heat waves. Themethod consists
simply in heating the objects to the temperature necessary to
kill the cells and coagulate their contents. This is done by
heating them in water in a watch-glass. Tt is, of course,
better if practicable to throw them at once into water
previously heated to the required temperature. I am not
able to state precisely what that temperature should be; it

appears, however, that a few seconds’ immersion in boiling
water is not hurtful even to delicate tissues.
The method has the great advantage of allowing of good
( 2
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subsequent staining, and of hindering less than any other the
application of chemical tests.

The action of all the usual fixing agents (osmic acid,
chromic acid, alcohol) is intensified and made more rapid by
employing the solutions hot. Alcohol may sometimes be used
boiling with advantage. Mayer finds that some Tracheata
can only be satisfactorily fixed by means of boiling absolute
aleohol.

7. Aloohol.—One-third Alcohol.—Alcohol is most usually
employed for fixing purposes diluted to a strength of 333 per
cent. This formula, which has now become classic, is due to
Ranvier, who was the first to point out its wide applicability,
and the excellence of the results obtained by it. Alcohol of
the strength of 33°3 per cent. is known in France as “ Alcohol
aw tiers,’ which is the name given to it by Ranvier himself;
in Germany as “ Drittelalcohol” or “ Ramwviersche alcohol
dilutus ;” in Ttaly, as “alcool al terzo.”” I propose to speak
of it as * one-third alecohol.”

8. One-fourth and one-fifth Aleohol.—For some purposes
(e.g. retina) it has been found that still weaker alcohols give
better results, viz. 25 per cent., or even 20 per cent.; but the
strength of 33 per cent. is certainly the most generally
useful.

Tissues should remain in these aleohols, as a general rule,
for at least twenty-four hours; they may be stained (with
picro-carmine, or, better) with some alcoholic staining medinm.
They must never be treated with water, or any aqueous
liquid, except picro-carmine or alum-carmine, or methyl
green.

9. Strong Alcohol.—Btronger alcohols are employed with
advantage in some few cases ; thus, for the study of voluntary
muscle, 50 per cent. and 100 per cent.; for Spongida, and
larvee of Spongida, absolute aleohol often gives better results
than any other reagent ; it is recommended for the preparation
of Magelona (Vermes),
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10. Absolute Alcohol (as a fiwing agentl).—Mayer finds
" that boiling absolute alcohol is often the only means of killing
certain Arthropoda rapidly enough to avoid maceration
i brought about by the slowness of penetration of common cold
i alcohol (especially in the case of Tracheata).
i 11. Acidulated Aleohol (Paul Mayer's formulat).—To 97
" vols. of 90 per cent. aleohol, in which is dissolved a small
| quantity of picric acid, add 3 vols. pure hydrochloric acid.
| Leave the specimens in the mixture only just long enough to
ensure that they are thoroughly penetrated by it. Wash out
- with 90 per cent. alcohol, the disappearance of the yellow
§ stain of the picric acid being a sign that all the acid is
I removed.

The use of this mixture is for the preparation of coarse

objects it is intended to preserve in alecohol. The object of
- the acid is to prevent both that glueing together of organs by
the perivisceral liquid, which is often brought about by the
coagulating action of pure alcohol, and the precipitation on
‘@t the surface of organs of the salts contained in sea-water,
I which is a hindrance not only to the penetration of the
i alcohol, but also to subsequent staining.
Whitman? states that “acid alcohol as above prepared
| loses its original qualities after standing some time, as ether
I compounds are gradually formed at the expense of the acid.”
i He also states that 70 per cent. alcohol may be taken instead
of 90 per cent., for washing out.

12. Osmic Acid.—Osmic acid is best employed in the form
. of vapour, and its employment in this form is indicated in all
cases in which it is possible to expose the tissues directly to
" the action of the vapour. The tissues are pinned out on a
 eork which must fit well into a wide-mouthed bottle in which
- 18 contained a little solid osmic acid (or a small quantity of
| 1 per cent. solution will do). They remain there until they

L ¢« Mitth. Zool. Stat. Neapel,’ ii (1881), p. 7.
2 ¢ Journ. Roy. Mic. Soc.” (N.8.), ii (1882), p. 870.




20 THE MICROTOMIST'S VADE-MECUM

begin to turn brown. There is no need to wash them out
before staining. Picro-carmine is a good stain to follow this
process, which is certainly, where practicable, the most elegant
that has hitherto been imagined.

‘When employed in aqueous solutions, osmic acid is used in
strengths varying from i; per cent. to 2 per cent. Solutions
of } per cent. to 1 per cent. have been very largely used, but
the tendency of modern practice seems to be towards weaker
solutions and longer immersion. For Infusoria § per cent.
for a few seconds; for Porifera % to 4% per cent. for some
hours ; for Mollusea 1 to 2 per cent. for twenty-four hours;
for epithelia -4; to 1 per cent. for an hour or two ; for mero-
blastic ova iy per cent. for twenty-four hours; for medul-
lated nerve-fibre 4% to 1 per cent. for from twenty minutes to
two hours ; for tactile corpuscles } to 1 per cent. twenty-four
hours; for retina I to 2 per cent. for from ten minutes to
twenty-four hours ; for nuclei {4; to 2 per cent. for two or
three hours. Such figures as these will serve to give a general
idea of the practice, whilst more precise instructions will be
given when dealing with the tissues in detail.

Osmic acid stains all fatty structures perfectly and opaquely
black ; it must therefore be avoided for tissues in which much
fat is present.

Osmic acid must be well washed out before proceeding to
any further steps in preparation; water may be used or gly-
cerin. Notwithstanding the greatest care in soaking, it fre-
quently happens that some of the acid remains in the tissues,
and causes them to over-blacken in time. To obviate this it
is necessary to wash them out in ammonia-carmine or picro-
carmine, or to soak them for twenty-four hours in Miiller's
solution or in 05 per cent. solution of chromic acid, or in
Merkel’s solution, or in a weak solution of ferrocyanide of
potassium or cyanide of potassium, or to bleach them (sce
BreacuiNg, No. 476, ef seq.). All solutions of osmic acid must
be kept protected from the light even during the immersion of
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f tissues. If the immersion isto be a long one the tissues must
§ be placed with the solution in well-closed vessels, as osmium
{ i is very volatile.

| Great stress is Inid by authors on the fact that the vapour
il of osmium is very irritating to mucous tissues. Itis said that
i the slightest exposure to it is sufficient to give rise to serious
catarrh, irritation of the bronchial tubes, laryngeal catarrh,
conjunctivitis, &c. I think these statements greatly exag-
. gerated. I have frequenfly dissected for an hour at a time
over a watch-glass containing 1 per cent. osmic acid solution
. and placed on the stage of the dissecting microscope, and
that without experiencing any evil effects more serious than a
disagreeable perception of the pungency and chokiness of the
atmosphere. A good draught should of course be kept up
by means of an open window or other arrangement. Stock
solutions must be kept in stoppered bottles, and the bottles
ought to be furnished with pipette stoppers or some con-
trivance by which a small quantity of the solution can be
obtained when wanted without risk of portions of orgamic
dust falling into the bottle.

13. Chromic and Osmic Acid Fixing Mixture (Max
Flesch’'s formulal).—This mixture (osmium 0°10, chromic
acid 0-25, water 100:0), originally introduced for the prepara-
tion of the auditory organ of vertebrates, is of general appli-
cation. It does not require to be kept in the dark. Objects
may remain in it for twenty-four to thirty-six hours without
risk of the osmic acid over-blackening them. Flemming
found it to preserve nuclear figures well; but the preparations
are pale, and difficult to stain well. He finds that the action
of the mixture is improved (for nuclear figures) by the
addition of acetic, formic, or other acid. This addition
brings out the figures more sharply, and has the further
advantage of allowing of a sharper stain with hematoxylin,

1 ¢ Arch, Mik. Anat.,” xvi (1878), p. 300.
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picro-carmine, or gentian violet. He recommends the follow-
ing formula :

14, Chromo-aceto-osmic Acid Fixing Mixture (Flemming’s
formulal).

Chromic acid 0-25 per cent.
Osmie acid 01 per cent,} In water,
Glacial aceticacid 0°1 per cent.

The best results (as regards faithfulness of fixation) arve
obtained with this mixture when it is allowed to act for only
a short time (about half an hour).

15. Chromo-acetic Acid Fixing Mixture (Flemming’s for-
mula?).

Chromic acid 0'2 to 0:25 per cent.
Acetic acid ca. 01 per cent.

Flemming finds this, followed by hmmatoxylin staining,
to be the best means for demonstrating the achromatic
ficures. The preparations do nof stain well with safranin or
other aniling (p. 382).

16. Chromic Aecid.—Chromic acid is employed in solution
either in water or in alcohol.

The most usual strengths in which it is employed in
aqueous solution are from 0°1 to 10 per cent. for a period of
immersion of a few hours (structure of cells and ova). For
nerve-tissues weaker solutions are faken, sL;th to ith per
cent. for a few hours, Stronger solutions, such as 5 per
cent., should only be allowed to act for a few seconds.

The objects should be washed out with water before
passing into alcohol or staining fluids. TLong washing in
water is necessary to prepare them for staining, except an
anilin stain be used.

Tissues that have been fixed in chromic acid may be
stained in aqueous solutions if desired, as water does not
appear to have an injurious effect on them; the acid appears

1 ¢« Zellsubstanz, Kern und Zelltheilung,” 1882, p. 381.
? Ibid,, p. 382.

} In water.
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{ to enter into some chemical combination with the elements
i of the tissues, forming with them a compound that is not
i affected either physically or chemically by water. - The best
¢ stain to follow chromic acid is heematoxylin or safranin.
i But the previous washing out with water must be very
* thorough if good results are to be ensured; it may take days.
Chromic acid crystals are very deliquescent, and it is
- therefore well to keep the acid in stock in the shape of a 1
- per cent. solution, which must be kept in a stoppered bottle
" in the dark, and care must be taken not to allow it to be
contaminated by organic matter.

17. Chromic Acid and Platinum Chloride (Merkel's solu-
tion').—Equal volumes of 1'400 solution of c¢hromic acid and
1-400 solution of platinum chloride. Objects should remain
in it for several hours, as it does mot harden very rapidly.
After washing out with alcohol, objects stain excellently,
notwithstanding the admixture of chromic acid.

18. Nitric and Chromic Acid Fixing Solution (Perenyi's
b formula?). 3

4 parts 10 per cent. nitric acid.
3 parts alcohol.
3 parts 0'5 per cent. chromic acid,

These are mixed, and after a short time give a fine violet-
coloured solution.

The objects (ova) are immersed for four to five hours, and
then passed through 70 per cent. alcohol (twenty-four hours),
strong alcohol (some days), absolute alcohol (four to five
days). They are then fit for cutting. The advantage of the
process is stated to be that segmentation spheres and nuclei
are perfectly fixed, the ova do not become porous, and cut
like cartilage.

Another advantage is that the fixing solution may be

1 Merkel, ¢ Ueber die Macua lutea,” &e., 1870, p. 19 ; ¢ Mitth. Zool. Stat.
Neapel,” ii (1881), p. 11.
2 « Zool. Anzeig.,’ v (1882), p. 459.
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combined with a stain. (In this case the albuminous enve-
lopes of the ova must be carefully removed, otherwise the
stain will not penetrate.)

Some stains, such as fuchsin or anilin red, may be dis-
solved directly in the fixing solution. Others, such as
eosin, purpurin, anilin violet, must first be “dissolved in
three parts of alecohol, and then shaken into the liquid.”

Picro-carmine and borax-carmine may be added to the
liquid, but they give rise to a precipitate, which must be
removed by filtration before using. After staining (in this
case) the ova are passed through 50 per cent. alcohol (five
hours), common alcohol (ten hours), and then into absolute
alcohol.

The ova are cut with alcohol and cleared with clove oil,
Unstained ova may be stained after cutting by means of
clove oil coloured with alcoholic solution of eosin or safranin,
This is done by treating the sections on the slide for five or
ten minutes with a drop or two of the coloured clove oil.

19. Chromic Acid and Spirit.—A mixture of two parts of
4th per cent. chromic acid solution with one part of methylated
spirit was much used by Klein in his investigations into the
structure of cells and nuclei, and found to give better results
than the ordinary reagents (including even osmic acid).
Heematoxylin was used for staining.

20. Potassium Bichromate.—Used in solutions of from 1
per cent. to 2 per cent,, or sometimes more, for most classes
of objects. Flemming objects to this reagent for the study
of nuclei, as not preserving nuclear figures in their true form,
It is less of a hindrance to future staining than chromic acid.
Wash out with water or alcohol. Altmann strongly recom-
mends the use of a 2 per cent. solution, containing a little
free chromic acid, and cooled to zero, followed by washing
out in strong alcohol. The cooling of the liquid serves to
stop instantly all molecular processes; and the slowly-acting
mixture has time to complete the fixing.
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21, Ammonium Chromate.—Appears to be generally used
“ % in b per cent. solution, for twenty-four hours, Wash out in
i water and stain in picro-carmine. This salt, like the preceding,
is said by Flemming to distort nuclear figures, but many
other workers consider it a very useful reagent.

29. Picric Acid.—Picric acid should always be employed in
the form of a strong solution.! The saturated solution is the
¢ one most employed. Objects should remain in it for from a
{ few seconds to twenty-four hours, according to their size.
" For Tnfusoria, one to at most two minutes will suffice; whilst
I objects of a thickness of several millimétres require from three
" to six hours’ immersion.

Picric acid should always be washed out with alcohol, as
water is hurtful to tissues that have been prepared in it. For
the same reason, during all remaining stages of treatment,
water should be avoided; staining should be performed by
means of aleoholic solutions, the only exception to this rule
being in favour of picro-carmine, which, probably on account
of the picric acid contained in it, does not appear to exert so
injurious an influence as other aqueous stains. It is one of
the advantages of picric acid that, by sufficiently prolonged
soaking, it can with certainty be entirely removed from any
tissue by means of alcohol. Chromic acid, being combined
with the elements of the tissues, cannot be so removed.

Tissues fixed in picric acid can, after removal of the acid
by soaking, be perfectly stained in any stain. Mayer’s
cochineal, alcoholic borax-carmine, Kleinenberg’s hematoxy-
lin, Grenacher’s alcoholic carmine, may be recommended.

The most important property of picric acid is its great

1 That is to say, strong solutions must always be employed when it is
desired to make sections, or other preparations of tissues with the elements
"in situ, as weak solutions macerate; but for dissociation-preparations, or
the fixation of isolated cells, weak solutions may be taken. Flemming
finds that the fixation of nuclear figures is equally good with strong or
weak solutions.
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penetration. This renders it peculiarly suitable for the
preparation of chitinous structures. For such objects, alcohol
of 70 per cent. to 90 per cent. should be taken for washing
out, and staining should be done by means of Mayer’s
cochineal or Kleinenberg’s heematoxylin.

In very many cases it is advantageous to employ picric acid
in the manner suggested by Kleinenberg (see below), that is,
in combination with sulphuric acid, nitric acid, or hydro-
chloric acid (see Picro-surpaURIc Actp, Prero-NrrrIC ACID,
Prcro-mYDROCHLORIC AcIp and the directions there given).

For the reasons stated below, picro-sulphuric acid is not,
as a general rule, suitable for tissues of vertebrates.

23. Picro-sulphuric Acid (Kleinenberg's formulal).—¢ Pre-
pare a saturated solution of picric acid in distilled water,
and to a hundred volumes of this add two volumes of con-
centrated sulphuriec acid; all the picric acid which is
precipitated must be removed by filtration. One volume of
the liquid obtained in this manner is to be diluted with three
volumes of water, and, finally, as much pure kreasote must
be added as will mix.”

The addition of kreasote is intended to obviate a drawback
that picro-sulphuric acid shares with osmic acid, viz., that of
occasionally producing swellings in primitive blastomeres.
(Mayer finds that kreasote produces no perceptible difference
in the result, and has therefore abandoned it.)

“The object to be preserved should remain in this liquid
for three, four, or more hours ; then it should be transferred,
in order to harden it and remove the acid, into 70 per cent.
alecohol, where it is to remain five or six hours. From this
it is to be removed into 90 per cent. aleohel, which is to be
changed until the yellow tint has either disappeared or greatly
diminished.”

24, Picro-sulphuric Acid (Mayer’s formula?).—A great deal

! ¢ Quart. Journ. Mic. Sei.,” April, 1879, p- 208.
% « Journ, Roy. Mic. Soc.” (N.S.), ii (1882), p. 867.
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of picric acid is precipitated by the sulphuric acid and wasted
& by Kleinenberg’s mode of preparation, Mayer therefore now
it prepares the fluid as follows: distilled water, 100 vols. ;
sulphuric acid, 2 vols. ; picric acid, as much as will dissolve.
693 ¥ Filter and dilute with three vols. of water, except for Arthro-
e poda, for which the fluid is used undiluted. The kreasote is

"t omitted as being useless.

| Mayer directs that as the fluid does not diffuse very rapidly
I through thick chitin, the larger Arthropoda, such as Insecta,
£ and the larger Isopoda, should be opened with scissors, and
4 the body cavity at once filled with the solution by means of
a pipette. A large quantity of the solution should be employed
i in all cases, and it should be changed as often as any cloudiness
¢ arises in it, and only when the fluid remains perfectly clear
should objects be allowed to remain in the same change for
any considerable time. This is a point that it is very im-
" portant to attend to.
- Washing out is done with alecohol of 70 per cent. Warm
i alcohol extracts the acid much more quickly than cold, with
| which weeks may be required to fully remove the acid from
chitinous structures. I call attention here to what was said
i us to washing out under the head of pieric acid, viz. that
washing out must never be done with water. This is a most
important point, and omne that is not sufficiently altended to.
(In a lately-published techmnical handbook, the student is
directed to wash out picric acid preparations with liberal
water!)

The advantages of picro-sulphuric acid as a fixing agent
are, that it kills tissues very rapidly, that it has great
penetrating power, that it can be totally soaked out of the
structures with alcohol, leaving them in a good condition for
staining, and, in the case of marine organisms, that it effectu-
ally removes the different salts of sea-water that are present
in them.

It has some disadvantages. For vertebrata it should be
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used with caution, on account of the swelling caused by
sulphuric acid in connective tissue. In parasitic Crustacea it
also produces swelling and maceration and should be avoided
(as was found by Fraisse, “ Entoniscus Cavalini,” n. Sp., B
¢ Arbeiten Zool. Zoot. Inst., Wurzburg,’ 1877—78, iv, p. 383). B
Notwithstanding this, it is, however, according to Emery, very ]
suitable for fishes, and for embryos of vertebrates generally,
provided they are not allowed to remain in it more than three
or four hours. For structures that contain much lime it is
not to be recommended, for it dissolves the lime and throws
it down as crystals of gypsum in the tissues. For such
structures the picro-nitric or piero-hydrochloric acid is to be
preferred.

25. Picro-nitrie Acid (Mayer's Sformulal).—Prepared in the "
same way as picro-sulphuricacid except that instead of 2 vols. g
sulphuric acid you take 5 vols. pure nitric acid (of 25 per
cent. N,O;). Mayer now dissolves the picric acid in the
nitric acid water, so that the formula runs : i

Water 100 vols. .
Nitric acid (of 25 per cent. N,0,) &
Picric acid, as much as will dissolve.

The fluid is used undiluted.

The properties of this fluid are very similar to those of
picro-sulphuric acid, with the advantage of avoiding the i
formation of gypsum erystals, and the disadvantage that it is T
much more difficult to soak out of the tissues. ¢ Mayer
recommends it strongly, and states that with eggs containing Er,:
a large amount of yolk material, like those of Palinurus, it
gives better results than nitric, picric, or picro-sulphuric acid.”

28. Picro-hydrochloric Acid (Mayer’s Jormula®) —Prepared
in the same way as picro-sulphuric acid, except that instead
of 2 vols. sulphuric acid you take “8 vols. of pure hydro- i
chloric acid of 25 per cent. HCL” Mayer now dissolves i

1 < Mitth. Zool, Stat. Neapel,’ 1881, p. 5; ¢ Journ. Roy. Mic. Soc.” (N.8.), fie
ii, 1882, p. 868, 2 Ibid.

”
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'@ the picric acid in the hydrochloric acid water, so that the
¥ formula runs—
Water . - ; . : : . 100 vols.
Hydrochloric acid (of 25 per cent. HCI) 8
Picric acid, as much as will dissolve.
The fluid is used undiluted.
The properties of this fluid are similar to those of picro-
. #h nitric acid.
L Decalcification with picro-nitric or picro-hydrochlorie acid.—

' The reader will perhaps reflect that the two last fluids appear
.Ml likely to be very useful for decalcifications. Mayer points
‘Ml out that the action is very rapid, and that the copiously-
| evolved CO, often produces, mechanically, lesions in tissues;
so that in many cases in which calecareous structures are
concerned chromic acid is to be preferred, the more so as it
more effectually hinders any collapsing of the structures that
might result from the withdrawal of their supporting cal-
careous elements.

247. Nitrie Acid.—Nitric acid has of late come into favour
as a fixing medium for several classes of objects, but chiefly
for cytological and embryological investigations. A strength
of 5 per cent., with a duration of about thirty minutes (for
small objects), may be recommended for all but the most
delicate structures.

Flemming's formula.—Flemming used solutions as strong
as 40 per cent. for the study of Karyokinesis in the ovum of
Hechinodermata.

Altmonn’s formula.—For the embryology of Vertebrata
Altmann obtained the hest results from solutions of 3 per
cent. to 3% per cent. (having a sp. gr. of about 1:02), which
were allowed to act for a quarter to half an hour on small
blastoderms, and for two to four hours on larger ones.

Uskoff’s formula.—Uskoff recommends 5 per cent. solutions
for from ten to thirty minutes. Wolff 10 per cent. (for the
ovum of the fowl).
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In all cases wash out, before staining, with strong alcohol,

Nitric acid is penetrating, fixes well, and allows of good 3
staining. Some very delicate structures (cilia) appear to be per
lost in the present mode of employing it. It will probably e
came into much more general use. Ry

8. Dilute Nitric Acid (Altmann’s methods').—(Of general Ji"
histological application, but most specially referring to J¥"
embryology.) |

Fizing.— Dilute nitric acid (containing from 3 to 31 per
cent. pure acid). Such a solution has a sp. gr. of about 1:02;
an areometer may conveniently be used to determine the
concentration of the solution. -Stronger solutions have been
used, but do not give such good final results.

His® recommended a 10 per cent. solution. Altmann tried
it, but found he could not demonstrate the nuclear figures.
He considers that the strong solutions coagulate the soluble
albuminoids of the tissues too strongly, which is a hindrance
to the optical differentiation of structure. Flemming writes
to Altmann that he employs solutions of 40 to 50 per cent.
for the ova of invertebrates. This of course has the advantage
of a very rapid fixing action.

The embryos, or other objects, are to be put fresh into the
solution; it is useful, though not necessary, to employ a
liquid cooled to zero; the cold stops all molecular pro-
cesses, and the acid has time to fully complete the fixing
process.

The objects must not be left too long in the liquid; for
blastoderms and small embryos a quarter to half an hour is
enough, for larger ones two to four hours. Only small pieces
of tissues other than embryonic should be employed.

I understand the author to say that he then washes out
the acid, and completes the hardening in strong alcohol. He
points out that the process does mot afford a true hardening i

1 ¢ Avch. Anat. u. Phys., 1881, p. 219. "
? Ibid., 1877. p. 115. ‘ L
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k such ag is obtained by the use of chromic acid ; but then he
{8 considers that by the use of paraffin imbedding such strictly
i 8 so-called hardening is superfluous. With his modification of
il His’s microtome he can cut such preparations to J; mm.
Before imbedding, the objects are stained in toto, slowly,
g with dilute hsematoxylin. By moderately staining (either
before or after the hsmmatoxylin) with eosin, good double
i stains of nuclear figures are obtained, the chromatin strue-
it tures taking up the blue colour.

For mounting ; Xylol balsam.—Xylol is used instead of

turpentine for dissolving away the paraffin from the sections;
1l it evaporates quicker and more cleanly (Gaule).
. The great advantages of this method are the perfection
' with which it fixes nuclear figures, and the perfection and
i readiness with which they stain (nitric acid being easily
washed out by aleohol, and leaving no yellow stain hehind,
as chromic and picric acid mostly do). Altmann considers
‘that nitric acid differentiates the structural elements of
tissues more sharply from the surrounding dissolved albu-
minoids than osmic acid does. It is applicable to the most
delicate objects of histology, particularly (with certain pre-
cautions, to be elsewhere detailed) to the retina. In a word,
it is the most trustworthy fixing agent for protoplasm. A
secondary point is that is the best of decalcifying agents.

29. Corrosive Sublimate.—Corrosive sublimate has of late
been found to be one of the best of fixatives in a great variety
of cases. It kills and hardens cells with great rapidity, and
does not hinder the usual staining processes. It may be
used pure or in combination with other reagents, as in the
formule of Lang.

When used pure a cold saturated aqueous solution is taken,
and allowed to act on the tissues until they are well permeated
with it; they are then put for twenty-four hours into weak
aleohol, stained, and subsequently further hardened 'with
stronger alcohol if further hardening be desirable. It is
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sometimes well to wash out with water for half an hour
before passing into alcohol.

30. Corrosive Sublimate (Lang’s method'), first formula.
For Planaria.—Take—

Distilled water . . 100 parts by weight.
Chloride of sodium : 6 to 10 parts.
Acetic acid . : : bito (8,
Bichloride of mercury . Sitoll 2

(Alum . : : - Sk

The Planaria are to be placed on their backs and the mixture
is to be poured over them. They die extended. After the
lapse of half an hour they are brought into alecohol, first of
70 per cent., then of 90 per cent., then absolute, and in two
days’ time are sufficiently hardened.

Second formula.2—Make a concentrated solution of corrosive
sublimate in picro-sulphuric acid, to which has been added 5
per cent. of acetic acid.

Third formula*—Take a concentrated aqueous solution of
corrosive sublimate.

31. Corrosive Sublimate Solutions.*—Any of these solutions
may sometimes be used hot, with good results. They are
suitable for Hydroida, Corallide, small Ctenophora, some
Gephyrea, Balanoglossus, Echinodermata, Sagitta, many An-
nelida, Rhabdocela, and especially for Dendroceela, for which
last they are the only methods that give good histological
results. Cestoda and Trematods, and larvee of Turbellaria
may be added to the list. Lately good results have been
obtained with ecrustacea with thin integuments, such as
Sapphiring, and other Copepods, and with larve of Decapods-
Good results have not been obtained with Arthropoda in
general.

¢ Zool. Anzeiger,” 1878, i, p. 14,
Ibid., 1879, ii, p. 46.
Loc. cit

¢ Mitth. Zool. Stat. Neapel,’ ii, 1881, p. 11.

S R S
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T have found the aqueous solution of sublimate very useful
Wi for Appendicularia. The simple aqueous solution certainly
k cave me better results than the more complicated formule;
& and I believe that most workers have arrived at the same
result.

Objects should be removed from the fixing solution as soon
& as they have become soaked with it.
It must be remembered that the solutions must not be
i touched with iron or steel, as these produce precipitates that
iy iy may hurt the preparations. To manipulate the objects, wood,
& glass, or platinum may be used ; for dissecting them, hedge-
i Ml hog spines, or quill-pens.

Preparations that have beeen fixed in sublimate should not
be allowed to remain long in alecohol, which makes them

and imbedded in paraffin, in which they may remain until
¢ cut.
32, Modification of Lang’s Formula (Acid sublimate solu-
it tion) (Carnoy’s formula?).

Water 100 parts.

Acetic acid Dl

Bichloride of mercury 5 ,,
83. Modification of Lang’s Formula (Saline sublimate
s solution) (Carnoy’s formulo?),

Water 100 parts.

Sodium chloride o

Bichloride of mercury 5 ,
34, Pacini’s Solutions; Ripart et Petit's Solution.—The
t mercurial fluids of Pacini and the cupric solution of Ripart
b and Petit form excellent fixing solutions for many small and
[ delicate objects. The formulsee are given in the chapter on
|« Examination Media.”
35. Perchloride of Iron fixing Solutions (Fol's methods?).—

1 ¢ La Biologie Cellulaire,” p. 95. 2 1bs
& ¢ Zeit. Wiss. Zool,,” xxxviii (1883), p. 401.

3
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Alcoholic solutions of this salt give the best results. Fol
recommends that the Tinetura ferri perchloride, B. P., be taken
and diluted with water to about 2 per cent. If, however, it
be desired to fix the whole contents of a good-sized vessel of
sea-water, a somewhat stronger solution may be poured into
the vessel. TIn no case, however, should a concentrated solu-
tion be added to sea-water, as this produces voluminous
precipitates which render the preparations quite useless. As
soon as all the organisms have sunk to the bottom of the
vessel, the water is poured off, and the organisms are washed
with 70 per cent. alecohol. (In all cases, whether weak or
strong solutions have been employed, the organisms should
only be allowed to remain in them for a very short time.) If
it be desired to remove the iron from the tissues, the prepara-
tions should now be washed with a change of 70 per cent.
aleohol, to which one or two drops of hydrochloric acid have
been added. They may then be stained with carmine, but itis
not advantageous so to stain them, as the tissues take up too
much colouring matter and retain it obstinately, so that
carmine-staining can only be employed, with such prepara-
tions, in the case of extremely thin sections. A more useful
stain is obtained by putting the objects for twenty-four hours
into aleohol containing a trace of gallic acid (a drop or two
of a 1 per cent. solution). After again washing with alcohol
it will be found that nuclei are stained intensely dark brown,
protoplasm light brown. This stain is permanent.

If it be desired to obtain good stains with carmine, hema-
toxylin, or the like, this may be done (Prof. Fol informs me)
by using oxalic acid (saturated solution in dilute alcohol) for
removing the iron, instead of HCI.

The fixing action of ivon perchloride is extremely rapid.
Fol found it was the the only reagent with which Tintinnodea
could be usefully preserved. Larger pelagic animals such as
Meduse, Ctenaphora, Salpe, Heteropoda,and the most delicate
pelagic larvae are alike perfectly preserved by this method,

g 1o
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‘8 mixture of one part of the Tinctura ferri perchloridi with ten
] parts of 70 per cent. aleohol, instead of water (‘Recueil
"l Zoologique Suisse,’ i, 1883, p. 121).

36. Palladium Chloride.—Palladium chloride has been
i recommended by experienced workers. It isused in solutions
e of 1:300, 1600, or 1:800 strength, for from one to two minutes.
37. Gold Chloride.—When used for fixing (and not for the
# object of staining by impregnation) gold chloride is generally
"M used in solution of % per cent. strength, for a few minutes
I (80 at most). Weaker solutions (ith per cent.) or stronger
i (1 to 2 per cent.) may also be used. Wash out with water.
| Fixes well, but is uncertain in its action, and generally a
. hindrance to staining processes.

38. Silver Nitrate.—Silver nitrate is frequently used in the
study of epithelia, not alone for the purpose of demonstrating
‘B the outlines of cells by staining the mtercellular cement-
i substance, but also with the totally distinct object of rapidly
: fixing the cells. Solutions of from % to 2 per cent. are
"l employed and allowed to act for merely a few seconds.
|| Solutions of only 3 to 1000 strength may be allowed to act
¢ foran hour. Wash out with water. Stainas desired. Weak
i solutions, rapidly applied, do not hinder subsequent staining ;
i strong solutions do.
| BSilver nitrate sometimes gives very good results, but the
i conditions under which these results are obtained are not
i sufficiently understood for the operator to be able to produce
i them with certainty. For this purpose then, as for that of
staining, nitrate of silver is at present a reagent too uncertain
{ in its action to be generally recommendable.

39. Pyroligneous Acid.!—It is stated by an anonymous
i writer in the Berlin ¢ Zeitschrift. f. Mikroskopie’ that pyro-
' 1 < Journ, Roy. Mic. Soc.,” ii (1879), p. 180.
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ligneous acid instantly kills Infusoria, Rhizopeds, Daphnia,
Cyclops, Alge, &ec., without altering their form. The acid
used is the Acetum pyrolignosum rectificatum. When it has
become turbid it must be filtered before being used.

The objects may be stained by means of anilin colours
dissolved in the acid.

Dissolve 1 part of amilin blue or diamond fuchsin in 200
parts distilled water; filter; and add 800 parts of pyro-
ligneous acid.

The objects take some hours to stain. Apparently the
author of this process mounts the objects in the solution with
which they were fixed !

40. Acetic Acid. Formic Acid.—These two acids are useful
and well-known fixatives of nuclei. Flemming, who has made
a special investigation of their action, finds (“ Zellsubstanz,’
&c., p. 380) that the best strength is from 0-2 to 1 per cent.
Strengths of 5 per cent. and more bring out the nuclein
structures clearly at first, but after a time cause them to
swell and become pale, which is not the case with the weaker
strengths (ibid., p. 103).

41, Alum.—Alum has been used for fixing purposes, and
may therefore be mentioned here. Although quite super-
seded for general work by other reagents, it may possibly
still be found useful for certain special purposes. For
instance, for the preservation of Meduse the following process
has been recommended (by Pagenstecher). Take two parts
of common salt and one of alum, and make a strong solution,
Throw the animals into it alive, and leave them there for
twenty-four to forty-eight hours. Preserve in weak alcohol.
A saturated solution of alum in sea-water preserves very well
the forms of Salpide, Meduse, Ctenophorae, and other pelagic
animals, It constitutes a preservative medium in which the
objects may remain till wanted.

42, Todine.—Jodine possesses considerable hardening pro-
perties, and a very high degree of penetration; and, in point
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of fact, iodized serum, which is generally employed as an
“indifferent liquid,” that is, one which is supposed to exert
no action whatever on tissues, is, in reality, a feeble hardening
agent, and forms a most admirable fixing agent for delicate
tissues. It is so classed by Ranvier, see Iodized Serum,
No. 447 (MAcCERATING AGENTS).

43, Potassic Iodide (Kent's method').—*“ Mr. W. S. Kent
has found potassic iodide to act in a manner almost identical
with osmic acid, and in some instances even more efficiently
(for fixing Infusoria). *‘Prepare a saturated solution of
potassic iodide in distilled water, saturate this solution with
iodine, filter, and dilute to a brown-sherry colour. A very
small portion only of the fluid is to be added to that
containing the Infusoria.”

43a. Potassic Permanganate (G. du Plessis’ method?).—
According to the translator in ¢ Science Gossip,” from whom T
quote, permanganate of potash “is especially good in histo-
logical researches, as it acts like osmic acid, burning up (sic)
the protoplasm, bringing out the minutise, and showing the
nuclei, outlines of cells, &e. It is used as a saturated solu-
tion in distilled or very pure spring water.” . . . “The
concentrated solution, of a lovely violet colour, kills small
organisms at once, and then burns them ” (sic). “ They are
left in it from thirty minutes to an hour, then withdrawn
and placed in alecohol. . . . Beautiful results are thus
obtained with Echinoderms, Zoophytes, worms, and marine
Arthropoda. For delicate researches, especially in the
ciliated Infusoria, it is better than osmic acid. i

! Kent, *Manual of the Infusoria,” 1881, p. 114. ¢Journ. Roy. Miec.
Soc. (N, 8.),iii (1883), p. 730.

2 ¢<Bull, Soc. Vaud. Sci. Nat.,”2, sér. xv, pp. 278—280, 1878. ¢ Science
Gossip’ (date ?).
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CHAPTER III.
THEORY OF STAINING.

44. The chief end for which colouring reagents are employed
in zoo-histology is to obtain a nuclear stain of tissues, that is, a
stain in which nuclei, or at most, the nuclei and their surround-
ing cell-protoplasm, are coloured, whilst the formed material
of the tissues is left unstained. That is what the histologist
wants in the great majority of cases. He wants either to
differentiate the intimate structures of cells by means of a
colour reaction, in order to study them for their own sake, or
he wants to have the nuclei of tissues marked out by staining
in the midst of the unstained formed material in such a way
that they may form landmarks to catch the eye, which is
then able to follow out with ease the contours and relations
of the elements to which the nuclei belong ; the extra-nuclear
parts of these elements being expressly left unstained in
order that as little light as possible may be absorbed in
passing through the preparation. Diffuse stains, or those
which stain formed material as well as protoplasm, are now
more and more abandoned; for instance, eosin, which was
once a favourite stain, is now but little used, on account of
the incorrigible diffuseness with which it stains. Except for
special purposes, such as the dyeing of thin membranes
which, unstained, would be invisible, or for certain purely
chemical ends, or for combination with a nuclear stain to
make a double stain, diffusely-staining colouring agents are
not employed.
As a general rule, one indeed to which it is difficult to find

LML
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i a plausible exception, all alkaline staining solutions should

i be avoided. Alkalies dissolve muclein, or if they do not
I dissolve it when very dilute, swell and distort nuclear struc-
I tures, and are frequently hurtful to formed material. Neutral
§ or acid stains should alone be used, and it will probably be
. found that better preparations are obtained with acid solu-

¢ tions than with neutral ones. It is most important to work
with acid stains in all cases in which it is desired to faith-
fully preserve nuclein formations (Carnoy, L. ¢., p. 211).

In order to obtain precise stains it is important to operate
on tissues that have been carefully fixed ; or, if fresh tissues
be taken, that the staining solution should itself bea sufficient
fixative. An important progress has heen lately realized by
the discovery that it is possible to combine the fixative action
of osmic acid with some stains (see Alum-carmine and Osmium
and Methyl-green, Carnoy’s method) by adding a trace
of the acid to the staining solution. It is to be hoped that
the means of combining ‘osmic acid with many other stains
will be discovered, as the fixing action of osmic acid would be
most desirable in cases in which staining is performed by
means of prolonged immersion in an aqueous medium, Carnoy
states that he employs osmium with almost all his liquids
(picro-carmine is an exception, as osmic acid precipitates it).
Tn the same way, acetic acid (which is a good fixative for
nuclei) may be combined with many stains ; forinstance, with
alum-carmine, methyl-green, safranin, gentian violet, Bis-
marck-brown, nigrosin, and others (Carnoy).

In the Introduction I have pointed out the desirability of
employing alcoholic stains for objects that have been treated
with aleohol ; it will be sufficient here to again call attention
to the superior penetrating power of alecoholic solutions. The
histologist should never be without a good alcoholic stain.

The question of permanence of stains has some importance.
Carmine is cerfainly, in my opinion, the colouring matter that
can most be relied on in this respect. It is affirmed by a
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recent writer (A. C. Cole, in “ Methods of Micr. Research,” vii,
1884, p. 41, ¢f. * Journ, Roy. Mie. Soc.” (N.8.), 1884, p. 310) that
“no stain has been found to equal logwood for certainty and
permanence of results,” but he affirms also, that this perma-
nence is only obtained with benzol-balsam mounts. Flemmingl
finds heematoxylin stains lose in sharpness after about a year,
both in glycerin and in resinous media (Flemming does not
state which resinous media he means, but it is probable he
refers to dammar). Other writers assert the stain to be per-
manent both in glycerin and in dammar, provided certain
precautions be taken, for which see Nos. 92 and 93.

We do not yet possess sufficient data to enable us to judge
surely of the permanence of anilin stains. Flemming,
writing in 1882 (1. c., p. 384) states that of all his preparations
safranin and napthalin (dammar mounts) have kept the
best, showing no change whatever since 1878. Chromic acid
gentian-blue staing fade o liftle in the course of a year, but
not so much as the hematoxylin stains. It is certainly
premature to condemn anilin stains en bloc for a want of
permanence that has not been proved against them.

The same writer (Cole) appears to assert that picro-carmine
stains keep better in glycerin jelly than in any other medium ;
he says that “a preparation stained with picro-carminate of
ammonia and mounted in good glycerin jelly is unchange-
able.” Doubtless picro-carmine stains are well preserved in
glycerin jelly, but so they are in all the usual media; in i
acidulated glycerin (formic acid glycerin) they are still o,
better preserved; and in dammar, balsam, or colophoninm “
they, in common with other carmine stains, keep perfectly. Ll
And as for the unchangeableness of glycerin-jelly prepara- '
tions, does Mr. Cole, who asserts that they “would last a
thousand years,and be as perfect the last dayas on the first,”
really mean such statements to be taken seriously ?

The greatest difficulty in the technic of staining lies in the

! ¢ Zellsubstanz,’ p. 384.
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1 incompatibility of certain fixing agents with certain staining
i agents. Thus chromic acid and osmie acid, the two best
i fixing agents known, are to a great degree incompatible with
staining by carmine, the most trustworthy of staining agents,
i Ml often rendering the operation of staining with carmine so
il difficult that it is better to abandon it and employ some
@i other stain. A few hints on this distressful matter may here
4@ be useful. )
Heomatoxylin is the best stain to use after chromic acid ;
i but some aniling (safranin, magdala, dahlia, for instance)
give good results when employed by the Hermann Bottcher
" process (see Anilins, No. 136).

Cochineal may also be used after chromic acid.

After osmic aecid, picro-carmine or alum-carmine, or heema-
| toxylin. But osmic acid preparations generally stain well
only after bleaching (see BLEACHING).

All stains take well after fixation with aleohol or with
corrosive sublimate, or with nitric acid.

It should be noted that, as found both by Flemming and
by Mayer, objects that have been too long in alcohol, or that
have been treated with very strong aleohol, no longer take a
precise nuclear stain, either with aniling or with other
colouring agents.

After fixation with any of the picric-acid fluids, and due
washing out with alcohol, all objects stain well with any of
the usnal stains.

45. Carmine.—Carmine, which is probably the most valu-
able and certainly is the most widely employed of histological
colouring agents, was first proposed as an aid in the examina-
tion of animal tissues by Gerlach in 1858, since which time,
notwithstanding the discovery of numerous other substances
that have proved most useful in many kinds of research, it
has held its place, with a firmness that shows few signs of
yielding, as the staining agent par excellence.

It is not a definite chemical substance, As is well known,
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it is prepared from the cochineal insect, Coccus cacti, by pro-
cesses of which the details are trade secrets, and which may
or may not vary in essential points. (Hence the complaints
that the carmine of commerce is of varying quality, and hence
probably the fact that so often meets the practical worker,
that carmine solutions carefully prepared according to a given
formula do not necessarily possess the properties assigned to
them by the author of the formula. The operator should bear
this in mind whilst studying these stains.) It is obtained by
treating the Coccus cacti with salts of tin. It consists of
the eolouring principle, carminic acid, together with coccin,
stearin, olein, and other organic compounds, carbonate and
phosphate of lime, phosphate of potash, and chloride of lime.”
It is freely soluble in ammonia, but the simple aqueous solu-
tion thus obtained is not stable. The causes of this instabi-
lity have been studied by Betz of Kieff. He reports as follows
concerning the precipitate obtained by exposing ammoniacal
solutions of carmine to sunlight and air (‘ Arch. Mik. Anat.;’
ix, 1873):

“The above-mentioned flocculent precipitate, being washed
with water, is found to retain a portion of the colouring
matter of the carmine. It gives the following reactions.
Part of it is soluble in caustie potash. The solution is dark-
red, and gives with acetic acid a flocculent precipitate which
re-dissolves in concentrated acetic acid. This last solution
gives no reaction with red prussiate of potash, but with the
yellow prussiate it gives a precipitate. The precipitate
thrown down by acetic acid from the potash solution contains
no colouring matter. If to the potash solution be added
sugar and sulphuric acid, a weak and transient violet coloura.-
tion is produced at the surface of contact. On boiling the
potash solution with nitrate of mercury,a violét colouration is
obtained. The precipitate thrown down by acetic acid from
the potash solution dissolves in boiling concentrated HCI
without giving any cclouration.
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¢ The part of the original precipitate that is insoluble in
P caustic potash is also insoluble in concentrated acetic acid.
i With sugar and sulphuric acid it gives no violet reaction.
I Tt is only partially dissolved by boiling with HCI, and the
% solution is colourless. Treated with sulphate of copper it
becomes bright red. Todine stains it yellow, ammonia dis-
s solves it.”

| It is concluded from these reactions, (1) That the ammo-
niacal solution of commercial carmine contains two distinet
i albuminoid substances, which under the influence of light and
-heat are in part decomposed, in part separated out from the
solution; (2) that the staining properties of the solution
- depend on the presence of small traces of free ammonia (a
| proposition which appears to the present writer to be in dis-
8 agreement with other facts) ; and (3) that the often-observed
sudden appearance of fine granules in filtered carmine solu-
i tions depends on the separation from the solution of the albu-
¢ minoid bodies, and not of hydrate of aluminium, as has been
I supposed by some. The reactions of the precipitates show
& that the part soluble in caustic potash corresponds to paralbu-
min, the ingoluble part to ichtydin,

| 46, Carminic Acid.!—* G. Dimmock has often wondered
" why naturalists use carmine solutions in which water, with
& some caustic or destructive material added, is the principal
k solvent. Carmine of commerce, it is true, is not readily solu-
il ble even in water, until ammonia, borax, or some other aid to
I solution is added, but carminic acid, the basis of the colouring
i matter of carmine, has long been stated in the leading chemi-
I cal dictionaries and handbooks to be readily soluble in water
i and in alcohol.

¢The author employs a solution of 0:25 gr. carminic acid to
" 100 gr. of 80 per cent. alcohol, and leaves sections in the solu-
i tion from two to five minutes.

; 1 ¢ Amer, Natural.,’ xviii (1884), pp. 824—%. ¢ Journ. Roy. Mic. Soc.”
|l (. 8.), iv (1884), pp. 471—474.
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“ An alcoholic ammonic carminate, or ammonia carmine, can
be prepared at a moment’s notice from alcoholic carminic acid
by adding ammonia drop by drop and stirring until the entire
solution changes from its bright red to purple red.

“Aleoholic carminic acid may be usedas Grenacher’s carmine
solution is used to colour sections from which the colour is
to be afterwards extracted by very dilute hydrochloric acid,
leaving nuclei red. Another way to use carmine solutions,
which is especially applicable to alcoholic carminic acid, is to
precipitate the carmine in the tissues by some salt, the car-
minate of the base of which gives a desired colouration. For
example, specimens hardened for a moment under the cover-
glass with an alcoholic solution of corrosive sublimate (mer-
curic chloride) and after washing with aleohol, coloured in
aleoholic carminic acid, take a fine colour of mercuric carmi-
nate. Bo, too, specimens coloured in alcoholic earminic acid
can be changed by a few moments’ treatment with a very
dilute alcoholic solution of lead acetate or cobalt nitrate to a
beautiful purple.  Sometimes salts in the tissues of the
animals change portions of the carminic acid to purple car-
minates, giving a double colouration without further treat-
ment,

“Picric acid added to alcoholic carminic acid in extremely
small quantities (best in a dilute alcoholic solution, testing
the solution on specimens after each addition) makes a double
alcoholic colouring fluid (a so-called picro-carmine).  The
author has been unable thus far to determine the proportion
of picric acid required for this solution, having in every case
added an excess. All different kinds of carmine solutions can
be made from carminic acid with the advantage of having
always uniform strength, of being definite mixtures, and of
not spoiling as readily as those made from cochineal.”

To these advantages may be added that carminic acid may
be preserved dry without decomposition. The author notes
that all alkaline solutions and nearly all metallic salts are
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nncompatible reagents (with carminic acid); and that all
@cids are so with ammonic carminate.
47. Preparation of Carminic Acid; De la Rue’s Method. —
he following methods of preparation are given: ‘ The first
ode is that of De la Rue, which Watts (‘ Dict. Chem.,’ 1,
1863, p. 804) gives as follows :—* To separate carminic acid,
| Mlcochineal is exhausted with boiling water ; the extract is pre-
icipitated by sub-acetate of lead slightly acidulated, care being
aken not to add the lead solution in excess; the precipitate
is washed with distilled water till the wash-water no longer
roives a precipitate with a solution of mercuric chloride, then
{decomposed by sulphuretted hydrogen; the filtrate is evapo-
irated to a syrupy consistence and dried over the water bath;
fand the dark purple product thus obtained is treated with
§ alcohol, which extracts the carminic acid.”
| 48. Schaller’s Method—The second mode is that of C.
Sehaller and is given by Watts (‘ Dict. Chem.,” 1st Suppl.,
11872, p. 413) as follows :—* Schaller prepares this acid by
¥ precipitating the aqueous extract of cochineal with neutral
lead acetate acidulated slightly with acetic acid; decomposing
4 the washed precipitate with sulphuric acid ; again precipitating
: the filtrate with lead acetate and decomposing the precipitate
b with hydrogen sulphide. The filtered solution is evaporated
i to dryness; the residue dissolved in absolute alcohol; the
i crystalline nodules of carminic acid obtained on leaving this
t solution to evaporate are freed from a yellow substance by
§ washing with cold water, which dissolves only the carminic
ohacid; and the residue left on evaporating the aqueous
tsolution is re-crystallised from absolute aleohol or from
¢ ether.”’
7 ¢ Schaller’s mode of preparation gives purer carminiec acid
i than De la Rue’s, but either kind is sufficiently pure for
‘ [ histological purposes. The precipitation by lead acetate and
|, the dissolving in alcohol free the carminic acid from animal
fi impurities, and the consequence is a purer form of pigment
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than can be extracted by any process hitherto employed for the
preparation of carmine for histological purposes.” . . . .

Tt is not certain whether the stain of carminicacid is stable
in glycerin. “Some preparations coloured in alcoholic car-
minic acid and then put up in glycerin lost their colour in a
few months, while similar preparations mounted in Canada
balsam retained their colour perfectly.” But the author
thinks this may have been due to impurity of the glycerin
employed.

For another mode of preparation of carmine see Picro-
carmine, Pergens’ formula, No. 70.

49. Carmine Stains in General.—Carmine was at first
employed in histology in the form of ammoniacal solutions ;
and various mixtures made on this prineiple are still used.
It was, however, at length clearly seen that the use of the
ammoniacal solutions had two serious disadvantages ; firstly,
the above-mentioned instability of the solutions, which from
the very moment of their formation are engaged in a series of
ill-understood chemical processes that makes it impossible for
the anatomist to know whether at any moment his solution is
in a state fit for producing a good stain; and, secondly, the
fact that the free ammonia of the solutions has a highly
injurious action on many delicate tissue elements. The diver-
sity of the many formul® for carmine staining fluids given
below is in great part the result of attempts to find solutions
that should be stable and should not contain free ammonia.
Such are the neutralised ammoniacal solutions of Betz, Heid-
enhain, and Hoyer; such is the eelebrated picro-carmine of
Ranvier, and such are the alum-carmine and borax-carmine of
Grenacher.

The especial value of carmine lies in its property of readily
affording a nuclear or protoplasmic stain. This property
was explained by Beale by means of the hypothesis that
recently dead protoplasm has an acid reaction. *Henceif an
alkaline solution of colouring matter from which the colour
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may be precipitated or fixed by an acid be caused to pass into
filit, the alkali is neutralised by the acid present, and the colour

eolour.”

That this explanation is not the right one will appear

b evident from a simple inspection of the following formule,
h amongst which will be found both neutral and acid fluids
b giving a nuclear stain.
The formule set out below are arranged according to the
it nature of the menstruum. This gives us two great groups:
I aqueous carmine solutions and alcoholic carmine selutions.
Taking first the group of aqueous solutions I have arranged
i the formulse comprised in it according to the reaction of the
L solutions. Tirst come the alkaline ammoniacal solutions,
it then the neutralised ammoniacal solutions, then other neutral
solutions, including alum and picro-carmine, and borax car-
¢ mine. These last requiring a treatment of the tissues with
¥ an acid to fix the stain lead naturally to the last group, the
i acid stains. The alcoholic group is too small to require sub-
b division.

The following statements are, I believe, true of all carmine
stains. Tissues to be stained must be freed from acids before
being put into the stamming fluid. Overstaing may in all
& cases be washed out with weak HCL (e.g. 0’1 per cent.). It
if generally advisable to fix the stain in the tissues before
mounting. In the case of balsam mounting this is sufficiently
i done by the action of the alcohol; in the case of an aqueous
i mount acetic or formic acid should be employed, and the best
i way of doing this is to let the mounting medium contain 1
il per cent. of formic or acetic acid. Formic acid is to be pre-
il ferred.

The beginner may wish for some hints as to which of these
i formule he should choose.
If Lis tissue has been prepared (i.e. fixed, hardened, and
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preserved) in alcohol he ought to choose one of the alcoholic
solutions ; or, if he take the less adyisable course of using an
aqueous one, then it should be picro-carmine or alum-carmine.

Amongst the aqueous stains, T consider that alum-carmine
is the most precise and is the one that has the most differentia-
ting power ; by which is meant that by it different tissues are
stained with varying degrees of intensity and with varying
tints.

Picro-carmine is perhaps the least hurtful to tissues, but
alum-carmine comes near to it in this respect.

Ammonia-carmine should only be employed in the case of
tissues, which, having been thoroughly impregnated with one
of the metallic hardening agents (osmium, chrome com-
pounds, and the like), are not liable to suffer from the swelling
and maceration that ammonia brings about in tissue not so
prepared. As a general rule it should be carefully avoided.
Remember that none of Grenacher’s fluids can be used with
calcareous structures that it is wished to preserve.

Wherever it is possible alcoholic solutions should be pre-
ferred ; they are less hurtful to the tissues than aqueous
solutions, more penetrating and generally more precise in
their action. Grenacher’s alcoholic borax-carmine may be
recommended to the beginner as being the easiest of these
stains to work with.

Lastly, it may be observed that in many cases in which
such a stain is required, it will be found equally satisfactory
in result and convenient in practice to have recourse to
alcoholic cochineal.
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CHAPTER IV.

CARMINE STAINS (AMMONIACAL).

50. Ammonia-carmine (Beale’s formula’).

Carmine . ; . ! : . 10 grains.
Liquor Ammonize (fortissimus, B.P.) 3 drachm.
Price’s glycerin . : : S 2 onmeoR;
Distilled water : ; 3 . 2 ounces.
Alcohol . : : : . % ounce.

The carmine, in small fragments, is to be dissolved in the
ammonia, with the aid of heat. Boil for a few seconds, and
let cool. Leave uncorked for at least an hour, or until the
excess of ammonia has evaporated, as tested by the smell.
Then add the glycerin, water, and alcohol, and filter, or
allow to settle and decant. If after keeping for some months
the carmine begins to precipitate, owing to the escape of
ammonia, add one or two drops of liguor ammonise.

This fluid requires to be made stronger or weaker in parti-
cular cases, and great advantage sometimes results from
diluting it with aleohol (to increase its penetration).

Like the following ammoniacal solutions of carmine, thisis
a nuclear stain, when perfectly successful. But it is very diffi-
cult to get perfect nuclear stains with it in the case of tissues
that have been treated with chromic acid, &c. Tissues
hardened in alcohol or picric acid stain well in it.

“The rapidity with which colouring takes place depends
partly upon the character of the tissue, and partly upon the
excess of ammonia present in the solution. If the solution

L <« How to Work, &c.,” p. 109, 4th ed.
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be very alkaline, the colouring will be too intense, and much
of the soft tissue or imperfectly-formed material around the
germinal matter is destroyed by the action of the alkali, If,
on the other hand, the reaction of the solution be neutral, the
uniform staining of tissue and germinal matter may result.
When the vessels are injected with the Prussian-blue fluid,
the carmine fluid requires to be sufficiently alkaline, to
neutralise the free acid present. The permeating power of
the solution is easily increased by the addition of a little
more water and alcohol. In some cases the fluid must be
diluted with water, alcohol, or glycerin; and the observer
must not hastily condemn the process, or conclude, as some
have, that a particular form of germinal matter is not to be
coloured, till he has given the plan a fair trial, and tried a
few experiments.”

The present writer, who has tried this fluid by using it
daily for more than a year, feels constrained to disagree with
Prof. Ranvier, who teaches that it “ presents no real advan-
tages, whilst it has the disadvantage of a tendency to diffusion
of the colouring.” He may be right in the latter remark;
but it is self-evident that the excellent preservative solution
afforded by this mixture of weak glycerin and alcohol, is a
very “real advantage” both as regards the preservation of
the tissues immersed in it, and the stability of the liquid
itself. The diffuseness of the colouration may always be
counteracted by washing in weak HCI.

51. Ammonia-carmine (Beale’s second formulal).

Carmine . : : ; . 15 grains.
Lig. Amm. fortlssmus 5 : . % drachm,
Price’s glycerin . : ; . 2 ounces.
Aleohol . 5 ; . 6 drachms,

This fluid is specially demgned for the purpose of staining
by means of injection. Inject, and leave the preparation
twenty-four hours. Then inject a little pure glycerin, to
1 ‘How to Work, &c.,” p. 304
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" wash out the vessels; finally inject the Prussian-blue . fluid

(‘How to Work, &ec.,” p. 296). I have tried it for staining
sections, and small portions of tissues, in the ordinary way;
and find it answers well.

52. Ammonia-carmine (Ranvier’s formulal).

Distilled water . 2 : ‘ ¢ . 100
Ammonia . . 4 " . : g2l
Carmine . ; . . sl

Rub up the carmine in a mortar with a little of the water;
add the ammonia, and when the carmine is dissolved, add the
rest of the water. If there remain an excess of ammonia,
heat over a water-bath until precipitation of the carmine

begins.
53. Ammonia-carmine (Frey's formula®).
Carmine . : . ; . 15t030centigrammes.
Ammonia - ‘ . + quant. suff.
Water . ‘ : . . 30 grammes.
Dissolve, filter, and add— .
Glycerin : . : . 30 grammes,
Strong alcohol . ; . 8 to 12 grammes.

More glycerin may be added if desired. Ranvier quotes
this formula with approval. It isvery difficult to see in what
respects it differs from Beale’s formula, which he quotes with

disapproval.

54, Ammonia-carmine (Huwley’'s and Martin’s formula®).
Carmine . ; ; . . 2 grammes.
Strong solution of ammonia . 4 c.ec.

Distilled water i ; . 48 c.c.

Dissolve the carmine in the ammonia and water; leave in
an unstoppered bottle until nearly all smell of ammonia has
gone. Afterwards keep in a well-closed bottle. Dilute a
small quantity with fifteen or twenty times its bulk of water,
when required for use.

1 <Traité Technique,’ p. 97. ? ¢Le Microscope,” p. 167.
3 ¢ Practical Biology,” p. 268.
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55. Ammonia-carmine (Betz's formulat).

Commercial carmine is rubbed up with a little water in a
mortar until a thick syrupy mass is obtained; on to this,
ammonia is poured, with continual stirring. The solution is
diluted with a large quantity of water and filtered. The
filtered solution is exposed to the sun in an uncorked vessel,
which must be of green glass, until a dirty-red, flocculent
precipitate appears; it is then filtered. The filtrate is again
left to stand in the same conditions as before, and when the
precipitate reappears, it is again filtered, and the filtrate
again exposed. Generally no third precipitate appears ; if it
does, filter again. In ecither case, the preparation is now
finished, and the solution is to be preserved for use in a
corked vessel. Tt will keep for months. It sometimes
happens that the solution whilst exposed to the sun acquires
a bad smell, and becomes covered with a white flocculent
membrane. This does not hinder the preparation, but, on the
contrary, furthers it.

Half an hour, or at most an hour, suffices to stain sections.
The first elements that stain are the granular mass of the
grey matter, then nerve-cells, epithelium, and lastly, other
structures. A nuclear stain. Permanent.

L ¢ Arch, Mik. Anat.,’ ix (1873), p. 112.
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CHAPTER V.
NEUTRAL CARMINE, ALUM-CARMINE, AND PICRO-CARMINE.

56. Neutral Carmine (Heidenhain’s formula').—A carmine
solution is prepared according to Beale’s formula (No. 50),
but with the omission of the aleohol. This is rendered almost
neutral, either by cautious addition of dilute acetic acid or by
driving off the free ammonia by warming on a water-bath.
(The test for approximate neutrality is, that a watch-glassful of
the solution, allowed to stand uncovered, should precipitate all
its carmine, through evaporation of the ammonia, in the course
of twenty-four hours.)

The method of using is as follows :—The sections are placed
in a watch-glassful of the solution, and the watch-glass is
placed in an air-tight vessel together with a second watch-glass
which contains water having a trace of ammonia (just enough
to be perceptible by the smell). This small quantity of
ammonia, gradually evaporating and being absorbed by the
staining solution, suffices to keep the carmine dissolved for
twenty-four to twenty-eight hours, by which time the stain-
ing is generally complete. The sections are washed in com.-
mon glycerin, then brought into a watch-glassful. of concen-
trated glycerin and exposed for twenty-four hours in a closed
vessel to the vapour of a small quantity of acetic acid.
Mount in glycerin, The stain is elective for certain cells (of
the peptie glands, see the article quoted) ; it is nuclear and
permanent in glycerin, Should an overstain happen, it may

1 ¢ Arch, Mik. Auat.,’ vi (1870), p. 402,
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be washed out by exposing the sections in glycerin to the
action of vapour of ammonia.

Another method of employing this stain (for special pur-
poses, for which see the article) is as follows :—A few drops
of the carmine solution are added to a watch-glass of concen-
trated glycerin, so as to give a very light red colour. Such
a mixture has no staining action by itself, but if sections be
placed in it and exposed to the action of vapour of acetic acid,
staining gradually occurs. This is the best method for dif-
ferentiating the “ Haupt-" and “Belegzellen” (in the rab-
bit). Overstains may be removed by exposing to the vapour
of HCL -

67. Neutral Carmine (Biln's formulal).—Three to 4 grms.
carmine are rubbed up in a mortar with 200 grms. water,
and ammonia is added drop by drop until the solution acquires
a cherry-red colour ; acetic acid is then added until the colour
becomes of a sealing-wax red; and the solution is filtered.
(If the colour is not intense enough, add before filtering two
drops of ammonia, and leave in an open vessel until the smell
of ammonia can no longer be perceived.)

Tissues should remain for twenty-four hours in the stain
(or longer if they are more than 1 mm. thickness), after which
it ig desirable, in order to ensure a nuclear stain, to wash out
with glycerin and water (equal parts) containing L per cent.
of hydrochlorie acid.

These directions apply to blastoderms.

98, Neutral Carmine (Hoyer's formula 2).— Dissolve 1 gr.
of carmine in a mixture of 1—2 ec.c. of strong liquor ammonis
and 6—8 c.c. of water. Heat in a glass vessel on a sand bath
until the excess of ammonia has evaporated. (Solong as free
ammonia is present large bubbles are formed in the fluid,
and the latter shows the usual dark purple colour of car-

. 1 ¢Arch. Anat, u. Phys.’ (Anat. Abth.), 1882, p. 4.

* ¢ Biol. Centralbl.’ ii (1882), pp. 17—19. - ¢ Journ. Roy. Mie. Soe.
(N.8.), iii (1883), p. 141. :
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4l minate of ammonia, When the free ammonia has evaporated

I, small bubbles appear, and the solution takes a brighter red
tint.) The solution is left to cool and settle, and by filtering,
the bright red deposit (which may be used over again), is
geparated from the neutral dark fluid, which by the addition
of chloral hydrate can be kept for a long time.”

This preparation has over simple carmine solutions the
advantage of keeping well, and some others. ¢Ifrthe solu-
tion is mixed with 4—6 times its volume of strong alcohol a
scarlet-red precipitate is formed. This is separated by filtra-
tion, washed, aud dried, or made into a paste with alecohol in
which some glycerin and chloral is dissolved. Both the
powder and the paste can be kept several months unchanged ;
they dissolve easily in water, particularly the paste. The
solution passes readily through the filter, whilst the ordinary
carmine solution can only be filtered with difficulty ; it also
keeps a long time unchanged, especially with the addition of
1—2 per cent. of chloral, and it has a much more intense
colouring power.

“ By dissolving the carmine powder in a concentrated solu-
tion of neutral picrate of ammonia a combination is obtained
which hasall the advantages of ordinary picro-carmine without
any of its disadvantages.”

60. Alum-carmine (Grenacher’'s formula').—An aqueous
solution (of 1 to 5 per cent. strength, or any other strength
that may be prefered) of common or ammonia alum, is boiled
for ten or twenty minutes with 3 to 1 per cent. of powdered
carmine. (It is perhaps the safer plan totake the alum solu-
tion highly concentrated in the first instance, and after boil-
ing the carmine in it, dilute to the desired strength.) When
cool filter.

This stain must be avoided in the case of calcareous struc-
tures that it is wished to preserve.

61. Alum-carmine and Acetic Acid.—I learn from M.
1 ¢ Arch. Mik. Anat., xvi (1879), p. 465.
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Hennequy that good results are obtained by acidulating alum

carmine with acetic acid. (Two or three drops of the acid to

a watch-glass of the carmine solution.) This method is in use
at the laboratory of Prof. Balbiani.

62. Alum-carmine and Osmic Acid.—In the laboratory of
Prof. Biitschli, of Heidelberg, alum-carmine is employed in
combination with osmic acid, in the following manner :

To 50 or 60 grammes of water is added alum-carmine until
the mixture is of an almost red rose colour; about ten drops
of a 1o%; solution of osmic acid are then added. (The mix.
ture should have an appreciable smell of osmic acid.) The
objects to be stained remain in the mixture for about thirty-
six hours, in the dark.

Staining is stated to be more precise than with plain alum-
carmine.

I do not know to whom this plan is due.

63. Alum Carmine (Tangl’s formula').—Powdered carmine
boiled in saturated solution of alum for ten minutes and the
solution filtered. A4V 2 ¢rooinrs Fulfibcte § fla_

64. General Remarks on Picro-carmine.—PicrS-carmine-
stained preparations should be mounted in balsam, or if in
glycerin this should be acidulated with 1 per cent. of acetic
or, better, formic acid.

Picro-carmine is a nuclear stain with a tendency to diffuse
into formed tissues, If the preparations be washed, after stain-
ing, with water, it is a single stain, the colour of the carmine
alone appearing ; if they be washed quickly in alcohol it is a
double stain, the yellow colouration of the picric acid not being
dissolved out by the alcohol as it is by water. Of course the
washing with aleohol must not be overdone or the yellow
colouration may be entirely removed.

HCland Picro-carmine (Newmamns’smethod of using?).—Stain

! Pringsheim’s ¢ Jahrb.,” 1880, t. xii. Carnoy, ¢ La Biologie Cellulaire,’

. 92,
3 ? ¢ Arch, Mik. Anat.,” Bd. xviii (1880), p. 180.
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§ with picro-carmine and wash out with a mixture of glycerin
and hydrochloric acid, § per cent.,or “one or two drops of
It hydrochloric acid to a few cubic centimetres of glycerin.”
[ This is followed by pure glycerin. From half an hour to an
I hour is generally long enough to enable the hydrochloric acid
to have dissolved out the stain from the extra-nuclear
& elements; but very deeply stained preparations may require
as much as twenty-four hours. Specimens should bemounted
i in glycerin rather than in balsam ; and the acid must be
thoroughly soaked out before mounting. Nueclei are stained
carmine red ; protoplasm, muscle substanee, fibrin of blood,
i certain colloids and amyloids, the horny substance of epider-
mis, nails, and hairs, and the ground substance of cartilage,
are stained citron-yellow. The intercellular substance of
connective tissue, elastic fibres, matrix of bone, mucous tissues,
and fat, are not stained at all.

656. Picro-carmine (Ranvier's formule')—To a saturated
golution of picric acid add carmine (dissolved in ammonia) to
saturation. Evaporate dewn to one fifth the original volume
in a drying oven; and separate by filtration the precipitate,
poor in carmine, that forms in the liquid when cool. Evapo-
rate the mother liquor to dryness, and you will obtain the
picro-carminate in the form of a ecrystalline powder of the
colour of red ochre. It ought to dissolve completely in
distilled water; a 1 per cent. solution is best for use.

66. Picro-carmine (Gage’s formula?).—DMr. Gage points out
that it is very difficult to decide when the mixture of carmine
and picric acid solutions become saturated ; and that the
simple watery solution soon becomes mouldy. Some experi-
ments were made in the anatomical laboratory of the Cornell
University, U.S., to determine the formula for a solution that
would keep for any length of time.

1 <Traité Technique,’ p. 100.

?¢Am. M. Mic. Journ,” i (1880), p. 22. ¢‘Journ. Roy. Mic. Soc.,
vol. iii, p. 501.

47
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Take of carmine and of picric acid equal parts by
weight.

Dissolve the picric acid in one hundred times its weight of
water (using heat if necessary).

Dissolve the carmine in fifty times its weight of strong
ammonia,

Mix the two solutions. Use porcelain evaporators and
glass funnels.

The best results were obtained when the solutions were made
at the ordinary temperature of the laboratory, 17° (., and
then evaporated three-fourths at a temperature of 40—45° C.
The solution should be allowed to cool,and be filtered through
two thicknesses of filter paper. The filtered liquid is then
evaporated to dryness at 40° C. or at the ordinary tempera-
ture. Theresidue, dissolved in one hundred times its weight
of water, should give a clear solution after filtering.

Make 50 c.c. of such a solution and filter it through two
thicknesses of filter paper and a fine cotton filter moistened
well and crowded into the meck of the funnel. Filter the
solution four or five times through the same filter, and a clear
solution will probably be obtained. (Sic. I am here copying
verbatim from the ¢ Journ. Roy, Mic. Soc.” If it should appear
difficult to understand why 50 c.c. of a clear solution should
be subjected to all this filtering in view of # probably ”* obtain-
ing ““a clear solution,” it may be well to suppose that in
directing us to take 50 c.c. “of such a solution” the writer
means simply to direct us to take a watery solution, not neces-
sarily clear, and to flter it thus if not clear.) The writer
continues :—In case a clear solution cannot be obtained by
repeated filtering the whole of the powder may be dissolved
in the proportion given above and allowed to stand a few days
in a tall narrow vessel. If the finely-suspended particles
settle, the top will be clear and may be decanted, but if the
fluid remains cloudy a quantity of ammonia equal to that
originally used should be added to it, and the evaporation of
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“ 8 three-fourths should he repeated with the subsequent filtration
5 and evaporation to dryness.
In case the third evaporation should not give a clear
k& golution it is advisable to begin again with new materials.
‘When a clear solution is obtained there should be added to
every
100 c.c. of the picro-carmine,
25 c.c. of strong glycerin, and
10 c.c. of 95 per cent. alcohol
There will thus be formed a permanent solution that may
| be kept perfectly clear by filtering once in five or six months.
67. Picro-carmine (Baber’s formulal).

Carmine . . : : . 1 gramme.
Lig. Ammonis . : : S diteien
‘Water d : . 200 grammes.

Mix and add picric acid 5 grammes. Agitate from time to
time during two days, allow residue to settle; decant, and
evaporate decanted liquor at the temperature of the air ; redis-
solve the crystals in water (strength 2 per cent.), and filter if
necessary. :

68. Picro-carmine (Rutherford’s formula?).—Take 100 c.c.
of a saturated solution of picric acid. Prepare an ammoni-
acal solution of carmine: by dissolving one gramme in a few
c.c. water, with the aid of excess of ammonia and heat. Boil
the picric acid solution on a sand bath, and when boiling add

residue in 100 c.c. water and filter. A clear solution ought to
be obtained ; if not, add some more ammonia, evaporate, and
dissolve as before.

69. Picro-carmine (Mayer’s formula®).—Dissolve of carmine
ca 2 grammes in ammonia, and dilute with water to ca 25 c.c.,*

1 <M, M. J.;” vol. xii, p. 48, and * Quart. Journ. Mie. Sci.,” 1874, p. 251,
. 2 ‘Practical Histology,” p. 173.
3 < Mitth. d. Zool. Station zu Neapel,” Bd. ii, p. 20.
4 This appears to be the author’s meaning, though his statement is far

the carmine solution. Hvaporate to dryness. Dissolve the -

4 7
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and leavethe solutionuncorked for a week orso. To one volume
of the solution then add about 4 vols. of a concentrated
solution of picric acid in water, or add the solution of pierie
acid until it ceases to produce a precipitate. Use the resulting
mixture for staining,

The author notes that it is deficient in the penetrating power
necessary for thoroughly staining chitinous organisms, but
states that it often affords a more precise stain than is obtain-
able by any other means.

70. Picro-carmine (Pergens’ formulat).—Five hundred
grammes of cochineal (pulverised) are boiled for two hours
and a half in thirty litres of water. Fifty grammes of
potassic nitrate are then added, and, after again boiling for a
moment, sixty grammes of. potassic oxalate ; the ebullition is
maintained for a quarter of an hour. . On cooling, the carmine
precipitates ; it is washed several times with distilled water.
These operations take three or four weeks.

A mixture of 1 vol. caustic ammonia with 4 vols. of water
is then poured on the carmine, care being taken that the
carmine remain in excess. After two days the mixture is
filtered and the filtrate exposed to the air until a precipitate
is produced. This is removed by filtration. A saturated
aqueous solution of picric acid is then added, the mixture is
shaken up and allowed to settle for twenty-four hours, Tt is
then filtered and one gramme of chloral added for each litre
of the solution. After eight days the slight precipitate that

from being clear. He writes :—*“Es empfiehlt sich, eine gewohnliche
recht starke Carminlésung (etwa 2 g. auf 25 c.em. Wasser), deren
Ammoniak durch wochenlanges Stehen an der Luft verdunstet ist, mit
concentrirter wisseriger Picrinsiureldsung so lange zu versetzen, als
noch kein Niederschlag entsteht.” Whitman directs, *“ To a mixture of
powdered carmine (2 g.) with water (25 c.cm.), while heating over a water-
bath, add sufficient ammonia to dissolve the carmine,” ¢ Journ, Roy. Mic.
Soc.’ (N.8.), ii, p. 876.

! Carnoy, * La Biologie Cellulaire,’ p. 92.
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has formed is removed by filtration, and the picro-carmine
¢is fit for use.

Carnoy finds this picro-carmine gives better results than any
i Ib other ; it has kept for more than two years without change in
1 his laboratory. He prefers it to Hoyer’s.

- %71. Picro-carmine and Eosin (Lang’s formula').—Fifty
s parts 1 per cent. picro-carmine and 50 parts 2 per cent.
(aqueous) solution of eosin. Objects are left in the mixture
from half a day to four days, according to their permeability.
[ The picrin is then extracted by frequently changed washes
of 70 per cent. alcohol ; this is followed by 90 per cent. alcohol,
which iz changed until no more eosin dissolves out.

A double stain, inserted here because the eosin appears to
1 play a peculiar rile, its superior penetrating power enabling it
- to serve as a vehicle for carrying the picro-carmine through
. structures which would otherwise be impervious to the latter.
" This method was found to be the best of all for Dendrocela
. and other Platyhelmia.

72. Picro-carmine (Weigert's formula®).—Two grammes of
carmine are soaked for twenty-four hours (in a spot protected
from evaporation, in 4 grammes of ammonia; 200 grammes of
concentrated solution of picric acid are then added, and the
whole put away for twenty-four hours more. Small quantities
of acetic acid are then added “until the first slight precipitate
appears even after stirring.” The whole is again put away
for twenty-four hours more, when it will be found that there
has formed a precipitate that can only partially be removed
by filtration ; ammonia is then added drop by drop at inter-
vals of twenty-four hours, until the solution becomes clear.
If the solution stains too yellow, acetic acid is added ; if it
overstains red, a little ammonia is again added. All badly
staining samples of picro-carmine may be improved in the
game way by addition of acetic acid.

1 ¢ Zool. Anzeig.,’ 1879, p. 45,
2 ¢ Virchow’s Archiv,’ Bd. 84, pp. 275, 315. ¢ Zool. Jahr.,’ 1881, p. 40.
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73. Picro-carmine (Hoyer’s formula’).—Made by dissolving
in a concentrated solution of neutral picrate of ammonia the
carmine powder obtained by precipitating with aleohol the
neutral solution of carminate of ammonia (amte, formula
No. 58). This combination  has all the advantages of ordinary
picro-carmine without any of its disadvantages.”

! “Biol. Centralbl,” ii (1882), pp. 17—19. ¢ Journ. Roy. Mic. Soc.)
(N.8.), iii (1883), p. 142.
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CHAPTER VI,
BORAX-CARMINE (AQUEOUS). ACETO-CARMINE.

74. Borax-carmine (Woodward's formular).

Best carmine (No. 40 . : L g v
Borax . : . : 3 T
Water : : : : bl s
Alcohol (95 per cent.) : s lgibieea

Mix and filter. “The greater part of the carmine, crystal-
| lising in some as yet unstudied combination with the borax,
| remains on the filter, and the fluid which passes through is
« comparatively pale and stains but slowly. On the other hand,
- the crystals which remain on the filter, if dissolved to satura-
- tion in distilled water, yield a fluid which stains with great
energy,” ¢f. ‘ Monthly Mier. Journ.,” viii, 1872, p. 38. There-
fore—Dissolve the crystals in eight ounces of distilled water,
and evaporate over a water-bath to four ounces.

Tissues stain in this fluid in a few seconds, but quite
uniformly. They are then washed in hydrochloric acid one
part, aleohol four parts, until they assume a bright red
colouration (which happens in a few seconds). They are then
washed in several changes of pure alcohol before mounting.

A nuclear stain, bright red in colour, and permanent both
in glyecerin and balsam.

%75. Borax-carmine (Heneage Gibbes's formula®).

Carmine . . : : : . 388,
1 ¢ Am, Quart. Mic. Journ,,” i (1879), p. 220. ‘Journ. Roy. Mic. Soc.,’
ii, p. 613.

2 Journ. Roy. Mie. Soe.,” iii, 1880, p. 390.
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Borax . p . : & : ¢ 3if
Aqua . : . . . o i,

Mix and decant, not filter.

Stain in this for a few minutes, wash in—

Hydrochloric acid . . ; . 1 part.

Absolute aleohol s : : . 20 parts.
Until the tissues are of a bright rose colour (this happens in
a few seconds).

Then wash in several changes of spirit to remove the acid.

76. Borax-carmine (Grenacher's Sormular),

A 1 to 2 per cent. solution of borax in water is boiled with
5 to ¢ per cent. of carmine until a rich dark purple solution
is obtained. (If a clear solution be not obtained, as may
happen in the case of certain sorts of carmine, filter.) Tothe
clear solution add cautiously, and with continual agitation,
drop by drop, dilute acetic acid. The colour of the solution
becomes more and more carmine-red, and when it has
attained to about the redness of the common ammoniacal
solutions of carmine, or better, to a slightly redder hue, the
addition of acetic acid must be stopped. Leave the solution
to settle for twenty-four hours, and decant.

Tissues stain in this in from half to three minutes, but in
an incomplete and perfectly diffuse way, the colour being
merely precipitated on the surface of the tissues. These
must then be rinsed in water and brought into a watch-
glassful of (50 to 70 per cent.) alcohol, to which is added one
drop of hydrochloric acid. In a few seconds a coloured area
will be seen to have formed around the preparations by the re-
dissolved carmine, and in a few minutes the preparation may be
removed, and will be found to exhibit a preciseand perfect stain-
ing of the nuclei. A more or less diffuse stain may of course
be obtained by shortening the immersion in the HCl, In the
case of delicate preparations, a weaker solution of hydro-

! ¢ Arch, Mik. Anat.,” xvi (1879), p. 466.
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'chloric acid should be used, and a correspondingly longer
c period of immersion.

77. Aceto-carmine (Schweigger-Seidel’s formula').—To an
I ammoniacal solution of carmine add acetic acid to neutralisa-
tion or even to excess. After separation, by filtration, of the
slight precipitate that forms, there is obtained a liquid of a

U vinous red. Tissues are placed in it for some minutes, then
i in a mixture of—
L Water . ; ; : ; . 200 grammes.
Hydrochloric acid . S L
L Specimens must be mounted either in balsam or in an acid

il medium ; formic acid is to be preferred to acetic acid as the
acidulating agent. Ranvier recommends :
" Glycerin : : ; : . . 100
Fopmiciacid . 00 U iiiita st tel i
78. Aceto-carmine (C. 8. Minot’s formula®).—* Dissolve
some finely-powdered carmine in a small quantity of e il
ammonia; add an equal volume of rather strong acetic acid ; ' \
the exact proportion is not of very great import.”
79. Acetic-acid Carmine (Schneider’s formula®).—To boil-
i ing acetic acid of 46 per®ent. strength, add carmine until no ;
1 more will dissolve, and filter. (Forty-five per cent. acetic L el f
f: acid is the strength that dissolves the largest proportion of {E
i carmine.) : 1
e To use the solution dilute it to 1 per cent. strength. The e
¢ dilute solution may either be used for slow staining, which is
" the method to be preferred for making glycerin preparations;
i or, a drop of the concentrated solution may be added to a
- fresh preparation under the cover-glass. This method only
. gives certain results with ova of starfishes.

I Ranvier, < Traité Technique d’Histologie,” p. 99.
2 ¢ M, M. J.,> vol. xviii, p. 101.
3 ¢ Zool. Anzeig.,” No. 56 (1880), p. 254,
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CHAPTER VIIL

SULPHURIC).

80. Oxalic-acid Carmine (Thiersch’s formulol).—Make a

solution of 1 part by weight of carmine in 1 of ammonia and ,

3 of water; to 1 volume of this add 8 volumes of an aqueous
solution of oxalic acid of 1: 22 strength ; to this mixture add
12 volumes absolute alcohol, and filter.

The filtrate may be made to assume at will an orange hue,
by the addition of oxalic acid, or a violet hue, by the addition
of ammonia. Either may be used for staining. If the addi-
tion of oxalic acid cause a crystallisation of the acid oxalate
of ammonia, thig may be dissolved by means of a few drops
of distilled water or ammonia; ofit may be removed by
filtering.

If the' concentrated violet fluid be taken for staining,
sections are stained in a few moments, uniformly, but cells
Tather more deeply than other tissue-elements. To stain
slowly, the solution must be diluted with aleohol of
70 to 80 per cent.; not with absolute alcohol, which would
precipitate the acid oxalate of ammonia. Overstains may be
washed out in a few minutes in an aleoholic solution of
oxalic acid. The stain is equally applicable to alcohol—and
to chromiec acid—preparations.

80a. Lilac Borax-carmine Stain (Thiersch’s formula®).—One
part of carmine and 4 parts borax are”dissolved in 56 parts

1 ¢ Arch. Mik. Anat., i (1865), p. 149.
2 < Arch. Mik. Anat.,’ i (1865}, p. 150.
»
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| distilled water. To 1 volume of the solution add 2 volumes
 absolute alcohol, and filter.
Stains more slowly than the last formula, oxalic acid
carmine (No. 80). Overstains may be washed out with alco-
I holic solution of borax or oxalic acid. Is particularly appli-
:cable to cartilage, and to bone that has been decalcified by
i chromic acid. :
x—81. Alcoholic Borax-carmine (Grenacher’s formula’).—It is
» evident that the procedure for employing borax-carmine must
| be modified if it be wished to stain large pieces of tissue or
[k entire organs before cutting sections. In this case, take a
- eoncentrated solution of carmine in borax solution (2 to 3 per
cent. carmine to 4 per cent. borax); dilute it with about an
equal volume of 70 per cent. alcohol, allow it to stand some
k time, and filter. Acetic acid must not be added. Leave the
preparations in the stain until they are thoroughly penetrated,
ik and then bring them (without first washing out) into alcohol
i acidulated with 4 to 6 drops of hydrochloric acid to each
1l 100 c.c. of alcohol. They are left in this until they are
thoroughly penetrated, and may then be washed or hardened

I in neutral aleohol.

82. Alcoholic Borax-carmine (Bowrne’s jformula®).—The
§ directions given by Bourne are somewhat different from those
& given by Grenacher. A mixture of carmine and boraxsolution is
4 allowed to stand for two or three days and occasionally stirred ;
il the greater part of the carmine will dissolve. To the solution
% is added an equal bulk of 70 per cent. of alcohol ; the mixture
- is allowed to stand for a week and then is filtered. If on
§ lkeeping more carmine is deposited it must be refiltered. The
§ tissues may remain in the stain for one, two, or three days,
& according to size. They should remain in the acidulated
| alcohol till they acquire “ a bright transparent look ” (three to
i six hours).

1 ¢ Arch. Mik. Anat.,” xvi (1879), p. 466, ef seq.
2 ¢ Quart. Journ. Mic. Sci.,” Ixxxvii (1882), p. 335.
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83. Alcoholic Carmine (Hoyer's formular).—Serapings of
carmine (“sonst nicht weiter zu verwendende Carminriick-
stinde’’) are thrown into a retort with aleohol acidulated
with a small percentage of sulphuric acid and kept simmering
over a water-bath until the carmine is dissolved. Filter,
dilute largely with water, and add solution of sugar of lead
so long as the rose-coloured precipitate of sulphide of lead
continues to be thrown down. As soon asa wviolet precipitate
makes its appearance in the place of the rose-coloured one,
filter, and to the filtrate again add solution of sugar of lead
so long as the violet precipitate continues to form. This is
now collected on a filter, washed, dried, and suspended in a
small quantity of strong aleohol. To this is added alcohol,
strongly acidulated with sulphurie acid, drop by drop, until
the violet precipitate is seen to have lost its colour and the
alcohol is become intensely red. Filter, and keep the solution
for use. It containg essentially the same colouring matter as
the solutions of earmine in acetic, oxalic, or other acids. Two
drops of the solution in a watch-glassful of water make a
strongly staining liquid. The author gets better results with
it than with Rollett’s «“ Carminroth.”

84. Alcoholic Carmine ( Grenacher’s formula?).—To 50 cubie
centimetres of alcohol (60 to 80 per cent.) add 3 to 4 drops
of hydrochloric acid and a knife-pointful of powdered carmine.
Boil for ten minutes. When cool, filter.

The solution may or may not be now ready for use ; this
depends on the proportions of acid and carmine used, and
these proportions cannot be exactly prescribed on account of
the variability of commercial carmine. If the solution is
found to give in five or ten minutes a diffuse stain (like a
borax-carmine stain, see No. 76), more hydrochloric acid must
be cautiously added drop by drop, and the solution tested
with fresh sections until the desired effect is produced, If
1 ¢ Arch. Mik. Anat.,” xiii (1876). p. 650.
2 ¢ Arch, Mik. Anat.,” xvi (1879), p. 468.
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b after some days (or at once) the solution gets a yellow hue,

“fl it is a sign that too much HCL has been used, and the excess

' must be neutralised by cautious addition of ammonia, which

4l will restore the purple tint of the solution.

This is, generally speaking, a nuclear stain. Overstaining

8 and diffusion, should either happen, may be corrected by

i washing out with alcohol wery slightly acidulated with HCL

Ml Sections must always be washed in alcohol, not water; and

alcohol, not water, must be used for diluting i5. Dilute solu-
tions often give results different from those given by concen-

Sl trated solutions.

85. Alcoholic Carmine (Mayer’s formulal).—A modification

Yl of Grenacher’s formula, supra, No. 84,

Four gr. carmine are dissolved in 100 c.c. of 80 per cent.

"5l aleohol with the addition of 80 drops of concentrated pure
W hydrochloric acid, and heated for about half an hour in the

- water-bath ; the solution is filtered whilst still hot and the
i superfluous acid is carefully removed by the addition of
| caustic ammonia, added until the carmine begins to be
. deposited. This solution stains very rapidly (embryos of
| lobsters are stained in about a minute) and intensely, though

. diffusely ; the preparations must be washed out with HCIl

il alcohol if a nuclear stain is required. If the preparations be

sections mounted on Mayer's albumen fixing medium (No.
276), the precise moment of sufficient washing out may be
known by the appearance of the albumen, which will com-
pletely give up its carmine to the alcohol or remain at most
only faintly coloured.

1 ¢M. T. Zool. Stat. Neapel?’ iv (1883), p. 521. ¢Journ. Roy. Mie.

(it Cotii il

Soc.’ (N.S.), iv (1884), p. 817, - (M/ Trows, U B

Srese.
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CHAPTER VIIIL.

COCHINEAL STAINING SOLUTIONS.

86. Cochineal.— Cochineal appears to have been first recom-
mended as a staining agent by Partschin 1877. He employed
a solution of cochineal in an agueous solution of alum. A
similar formula was again recommended by Czoker in 1880.
The formula known as Klein’s cochineal fluid (which appears
to have been first published in the ¢ Ann. and Mag. Nat. Hist.,’

viii, 1881, p. 282) is identical with that of Czoker. These |

fluids greatly resemble alum-carmine in their properties,
especially in their great selective faculty. Itis probably in
this point that their chief superiority to alum-carmine is to.
be found. An important improvement was effected in 1878
by the discovery by Paul Mayer of the properties of the
aleoholic tincture of cochineal. This preparation puts into
our hands a stain that is as precise, as penetrating, and as
little hurtful to tissues as Kleinenberg’s hsmatoxylin ; whilst
it has the advantage of being more durable, and above all, of
being the easiest to prepare of all staining fluids. Indeed,
almost the only point in which it proves inferior to hematoxy-
lin and to some carmine fluids, is that it does not in all cases
afford a sufficiently powerful stain. (It is not known whether
it is permanent in glycerin and similar mounting mediums,
Tam inclined to doubt its being so; T found some prepara-
tions mounted in acidulated glycerin became destroyed by
fading of the colour in a very short time.)

The alcoholic solution of cochineal possesses a very great
selective power. Some tissue elements are stained red, others
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bof different shades of blue. But it is important to observe
it that these colourations are not constant. They depend upon
§ the presence in the tissues of certain salts or acids, and it is
therefore impossible to say beforehand what kind of stain
will result, Some workers consider this to be a serious dis-
i advantage. On the whole, this stain may be recommended
10 the beginner as being probably the safest of all aleoholic
& staining fluids.

87. Alcoholic Cochineal (Mayer’s formula®).—Cochineal in
coarse powder is macerated for several days in alecohol of 70
il per cent. For each gramme of the cochineal there is required

i 8 to 10 c.c. of the alcohol. Stir frequently. Filter, and the

W4 resulting clear, deep red solution is fit for staining.
The objects to be stained must previously be imbibed with
i alcohol of 70 per cent., and alcohol of the same strength must
{ be used for washing out or for diluting the staining solution,
as water, or alcohol of a different strength, gives rise to tur-
bidity and precipitation of colouring matter (the fluid holding
in solution matters that are only soluble in alcohol of exactly
that degree of concentration). The washing out must be re-
peated with fresh alcohol until the latter takes up no more
colour., Warm aleohol acts more rapidly than cold. Over-
staining seldom happens; it may be corrected by means of 70
per cent. alcohol, containing %5th per cent. hydrochloric or 1
per cent. acetic acid.

Small objects and thin sections may be stained in a few
minutes, larger animals require hours or days. In the latter
case large quantities of the solution must be employed. Very
thin sections and delicate objects are best stained in a very
dilute solution.

A nuclear stain, slightly affecting protoplasm. The colour
varies with the reaction of the tissues, and the presence or
absence of certain salts, The salts of the metals and alkaline

i ¢ Mitth. Zool. Stat. Neap.,” ii (1881), p. 14.




73 THE MICROTOMIST'S VADE-MECUM

earths that are present in the tissues, and that are soluble in
aleohol, give rise to colourations of a bluish tone, so that when
these are present the effect is that of a hematoxylin stain
In the presence of acids of course the precipitation of these
blue combinations in the nuclei and protoplasm cannot oceur,
and therefore tissues of an acid reaction, as well as those free
from the salts in question, stain red. Crustacea with thick
chitinous integuments are generally stained red, most other
organisms blue. The stain is also often of different colours
in different tissue elements of the same preparation. Glands
or their secretion often stain grey green. In embryos of
Luwmbricus Kleinenberg found the vessels to stain red, their
contents of an intense blue.

Acids lighten the stain and make it yellowish red. Caustic
allalies turn it to a deep purple.

The best stains are obtained in the case of objects that have
been prepared with chromic or picric aeid combinations, or
with absolute alcohol! The acids must be carefully washed
out before staining, or a diffuse stain will result. If it is
wished to have the protoplasm strongly stained as well as the
nucle, it is only necessary to wash out incompletely after
staiming, and to fix the colouring matter by means of strong
aleohol. The stain is permanent in oil of cloves and balsam,

The object for which this stain was imagined is twofold,
Firstly, to obtain an aleoholic stain which enables us to do
away with the necessity of treating with an agueous fluid
objects that have been preserved in alcohol and that are
intended for mounting in balsam, aqueous fluids being often
most deleterious to delicate structures. Secondly, to obtain a
fluid whose high penetrating power allows it'to he employed
in the case of organisms, such as Arthropoda, whose chitinous
vestments are but very slightly permeable by aqueous solu-
tions of carmine.

! Osmic acid preparations stain very weakly unless they have been
previously bleached (No. 476).
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The stain is not so powerful as ammonia carmine or
N Kleinenberg’s heematoxylin or Grenacher’s alcoholic carmine.
| In general, however, Mayer prefers it to all other stains, and
only uses Kleinenberg’s heematoxylin in special cases.

Alcohol of 70 per cent. is not the only strength by means
‘8 of which the colouring matters of cochineal may be extracted.

But extracts obtained by means of 90 per cent. or absolute
alcohol, are very weak in colour, and are further useless
because they yield a diffuse stain. The weaker the alcohol
the stronger the extract of colouring matter ; and extracts
made by means of 50 per cent. or 60 per cent. aleohol would
be preferable to that obtained by means of the 70 per cent.
alcohol, were it not that they are naturally more deficient in
penetrating power.

88. Alum Cochineal (Partsch’s formula?).—Powdered cochi-
neal is boiled for some time in a 5 per cent. solution of alum, ‘
the decoction filtered, and a little salicylic acid added to pre- S ot ¢
serve it from mould. o \

89. Alum Cochineal ( Croker’s formula®).—Seven gr. cochineal
and 7 gr. calcined alum are rubbed up together into powder
in-a mortar, add 700 gr. distilled water, and boil down to
400 gr. When cool, add sufficient carbolic acid to be per- Lot |
ceptible by the smell, and filter several times. The violet H
solution is ready for use, and will keep for six months, after
which time it must be filtered again, and a fresh trace of
carbolic acid added.

This stain possesses considerable elective faculty, and is
stated to stain, in a longer or shorter time, all kinds of tissue,
no matter in what way they may have been hardened. Nuclei
are stained hematoxylin-colour, and other elements different
tones of red, so that the effect is that of a double stain with
hematoxylin and carmine. Alcohol objects require three to
five minutes, chromic objects three to five hours. The author

1 ¢ Arch. Mik. Anat.,” xiv (1877), p. 180.
2 ¢ Arch, Mik. Anat.,” xviii (1880), p. 413.
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points out that commercial carmine is now of a different
quality to that which was obtainable some years ago; and
that from the sort which is now usually sold itis not possible
to obtain good staining solutions.
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CHAPTER IX.
HEMATOXYLIN STAINS.

90. Hematoxylin—For a statement of the chemistry of
hematoxylin, so far as it bears on the practice of staining,
the reader is referred to the exposition of Dr. Cook, post,
No. 93.

The advantages of hzematoxylin solutions are chiefly these:
that, when properly employed, they afford a most precise and
powerful stain; that their staining is not impeded by the
previous emyloyment of chromic acid or other similar harden-
ing agents ; and (as regards the alcoholic solutions) that they
have a very high degree of penetration and are not hurtful to
tissues. The disadvantages are: that it is difficult or impos-
sible to get the solutions to keep; and that as preparing
them is by no means a simple operation, the necessity of
frequently preparing fresh fluid causes serious waste of time.
To this must be added that the stains are liable to fade, unless
special precautions be taken to free the tissues from all acid
before staining and to dehydrate thoroughly before mounting
(see below Nos. 92 and 93%). )

The most important of these fluids is the aleoholic heema-
toxylin of Kleinenberg. Kleinenberg has given two formulse.

1 A. C. Cole says, “So far as can be judged by our present data a
preparation stained with logwood and mounted in balsam is unchange-
able,” but ““logwood slides mounted in dammar varnish” would be
found after about ten years “to be little better than fine grey dust!”
Cole’s ¢ Methods of Micr. Research,” pt. vii (1884), p. xli; € Journ. Roy.
Mie. Soe.” (N.8.), 1884, p. 310.
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I quote the first from™ Foster and Balfour’s ¢ Elements of
Embryology’ (French edition), not knowing where it was first
published.

91. Alcoholic Heematoxylin (Kleinenberg's first formulal).—
a. Make a saturated solution of erystallised chloride of calcium
in 70 per cent. alcohol, and add alum to saturation.

b. Make a saturated solution of alum in 70 per cent.
alcohol and add 1 volume of the former (a) to eight of the
latter (B).

¢. To the mixture thus obtained add o few drops of a
barely alkaline saturated solution of heematoxylin, (This
should be a saturated solution in absolute alcohol.)

This method was afterwards simplified by the omission of
the alum from (%), and now runs as follows:

92. Alcoholic Hematoxylin (Kileinenberg’s second formula?).
—** Prepare a saturated solution of calcium chloride in 70 per
cent. alcohol with the addition of a little ulum ; after having
filtered, mix a volume of this with from 6 to 8 volumes of 70
per cent, alcohol. At the time of using the liquid pour into
1t as many drops of a concentrated solution of hematoxylin
in absolute alcohol as are sufficient to give the required colour
to the preparation of greater or less intensity, according to
desire.” :

At Naples, according to Mayer (‘ Mitth.’ ii, 1881, p. 13),
the solution of caicium chloride is used saturated with alum.,

Mayer further states that the object of the chloride of
calcium is explained by Kleinenberg to be the setting up of
diffusion currents between the alcohol in the tissues and the
external staining medium, so as to facilitate the penetration
of the latter.

Mayer points out that by the reaction of alum and calcium
chloride there is formed a precipitate of sulphate of lime, and

1 ¢Eléments d’Embryologie,’” de Foster et Balfour, 1877, p. 296.
? *Quart. Journ, Mic. Sci.,’ lxxiv (1879), p. 208,
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that it will therefore probably be found better to employ
chloride of aluminium in the place of alum.

A powerful, nuclear stain. The stain is permanent, pro-
- vided (Mayer) that the tisswes hawve been perfectly freed from
acid before staining.! The solution itself is not permanent.
A successfully prepared fresh solution should be of a violet
colour with a decided touch of blue, and should not be at all
reddish. If it becomes reddish after standing for some time
that is generally because it has become somewhat acid, and the
fault may be corrected by holding over the mouth of the bottle
containing the solution the stopper of an ammonia bottle;

then on shaking up with the solution the small quantity of
vapour of ammonia given off from the stopper, the proper
colour is generally regained.

Small objects are best stained slowly with a very dilute
solution. If it be required to dilute a solution already pre-
pared for staining this should not be done with aleohol, which
may easily cause precipitates to form on the tissues, but with
the above-described solution of alum in calcium chloride
solution. Overstaing should be washed out with acidulated
alcohol. Either oxalic or (3 per cent.) hydrochloric acid may
be used, and the specimens allowed to remain in them until
they begin to acquire a reddish hue. The acid is then removed
by pure alcohol which restores the pure blue of the stain.

For large or impermeable objects immersion for days in a
very strong solution may be necessary for staining. Osmium
and chromic acid objects stain sufficiently.

93. Cupric-sulphate Hesematoxylin (Cook’s formula?).—

1 Heneage Gibbes states (‘ Journ. Roy. Mie. Soc.,” iii, p. 890) that if
preparations which have been stained with picro-carmine be placed in
plain water acidulated with a few drops of acetic or picric acid before
staining with logwood, they take the second stain better and do #nof fade
afterwards.” It seems that the theory of hasmatoxylin staining is still
in a somewhat chaotic state.

2 ¢ Journ of Anat. and Physiol.,” xiv (1879), p. 140,

% Pl
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“The colouring material of logwood consists of two substances,
h@matoxylin and hematein, differing from one another by two
equivalents of hydrogen. Heematoxylin is soluble in alum
solution, whilst hematein is hardly at all so. The latter is
of no use to the histologist for colouring animal tissues,
Heematoxylin forms compounds with various metallic oxides,
which are soluble in alum solution also, and if a tissue be
stained with heematoxylin, or with heematoxylin and a metallic
oxide and immersed in an aqueous solution of alum, the colour
will be all discharged from the tissue and taken up by the
solution, and the solution of alum will thus take up fresh
quantities of hematoxylin compound until it reaches a point
of saturation beyond which it will take up no more from the
tissues, but will, if over-saturated, give up the colouring matter
freely to immersed animal material. Such a solution of
heematoxylin, alum, and metallic oxide has a clear purple
colour, becoming red on addition of acids. If alkaline earths,
alumina, or hydrated earthy phosphates be suspended in it,
they will absorb the colour and the solution becomes purple.
If the solution be treated with a very small percentage of a
chromate, the purple will be replaced by a yellowish-brown
colour ; or if a tissue which has been stained with alum log-
wood solution be immersed in an exceedingly dilute bichro-
mate solution, the purple will sooner or later be replaced by
the yellow tint. If a section of any abnormal caseous con-
cretion or abnormal growth be immersed in a neutral solution
of alum logwood, it will become of a more bluish purple
than ordinary tissue, evidently from the presence in it of
more than an ordinary amount of alkaline earthy matter or
phosphate.

“ When the above facts are talen into consideration it will
appear unreasonable to expect tissues hardened in chromic
solutions of any kind to colour as readily with an ordinary
logwood solution as they would do if immersed in the fresh
state, notwithstanding the assertion of any experimenterstothe

......
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contrary. Sections of chromic-acid hardened tissues are
exceptionally difficult to free from chromic compounds, most
probably because part of the chromic acid is in chemical com-
bination and insoluble, and when freed from the hardening
material the tissues will not be left in the natural neutral
state, and thus less readily will the nuclei take up the colour.
But it has been found that hardened tissues, if cut into
sections and well washed, may be as readily stained with log-
wood as fresh tissues if the solution be slightly modified.

“ Take—TLogwood extract . : 2 6 parts
Alum . : : 5 8,
Sulphate of Copper . ! ; Hisr,
‘Water 40 ,,

“ All ingredients must be free from iron.

 Grind the alum, logwood extract, and sulphate of copper in
a mortar, and when powdered add sufficient water to form a thin i
paste, leave for one or two days with occasional stirring, and, b \
then filter. The hematein contained in the logwood extract i
will be retained by the filter with the dirt, and the solution \
consists of hsmatoxylin, alum, and sulphate of copper, to :
which a crystal of thymol may be added to preserve it from
mould.

« Frosh or alcohol-hardened tissues may be stained with this

after sufficient dilution; but for chromic-hardened tissues
dilute 8 drops with 120 drops of water, and add one drop of ,
-5 per cent. solution of bicarbonate of potash just prior to
use. Wash the stained solutions (sic!) In water as usual,
N.B.—A larger proportion of bichromate solution will produce
an ugly yellow ; and if the mixed solution be kept many hours
some decomposition will go on.

« Pigsues stained in logwood may be mounted in g_lycerin or
Farrant’s solution, or in dammar. In the two former they
keep unchanged for any length of time, in the latter they are
apt to fade unless care be taken, in preparing them for dam-
mar, that the sections be thoroughly freed from water by
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absolute alcohol before being brought into contact with oil of
cloves. If any moisture be left fading will soon commence and
the preparation be spoiled.”

94, Alum Hematoxylin (Bochmer's formula').—Make (A)
a solution of pure heematoxylin (8]) in abselute alcohol (5s8)
and (B) a solution of alumen deparatum (gr.ij) in water (3j).
Add 2 to 8 drops of A to a watch-glassful of 8. The sections
may remain in this for half a day to a day. They are then
treated as follows: absolute alcohol, solution of tartaric acid
in alcohol, absolute alcohol again, then benzine or turpentine,
and, finally, mounted in castor-oil.

Other methods of treatment may be employed, provided
that hydrated acids and resinous mounting media be avoided,
as both are detrimental to the colour of the stain. With
these precautions, however, the colour is permanent in glyce-
rin.?  Alcoholic extract of logwood only imperfectly surro-
gates the aleoholic solution of hematoxylin, -

To stain objects that have been treated with chromic acid
or its salts or with copper sulphate, &c., the solution o may
be diluted with pure water instead of the alum solution ; but
the stain is more diffuse, and less strongly held by the
nuclei.

95. Alum Hematoxylin (Aqueous) (Duwal’s formula®).—
 One grain of concentrated solution of hsematoxylin in alcohol
isadded to about800 grammes of water containing a little alum,
There is thus obtained a solution that stains nuclei in a few
minutes.”

96, Hematoxylin Staining Solution (Aqueous) (Mitchell's

Jormula®).

L ¢ Arch, Mik. Anat.,’ iv (1868), p. 345.

? Flemming finds the stain not permanent for more than a year either
in resinous media or in glycerin, that is to say, the stain loses in sharp-
ness. ‘Zellsubstanz, &e.,” p. 884,

3 ¢« Préeis Technique,” p. 220.

4 “Proc. Acad. Nat. Sci. Philad.,” 1883. ¢Journ. Roy. Mic. Soc.’ (N.S.),
iy, 1884, p. 311.




HAEMATOXYLIN STAINS 81

B Finely-ground logwood ! ; 5ij.
Sulph. alumin. and potash . . 5ix.
Glycerin . : 3 fziv.
Water . i tegy S'IJ_fﬁGlEut quantity.

“ Moisten the ground logwood with sufficient cold water to
slightly dampen it, place it in a funnel or pereolator, packing

i M1t loosely, and then percolate sufficient water through the

#drug until the liquid coming from the percolator is but slightly
woloured, Allow the drug to drain thoroughly, and then

lig gremove it from the percolator and spread out on a paper or

board to dry. Dissolve the alum in eight fluid ounces of
water, moisten the dry drug with a sufficient quantity of the
fifluid and again pack in the percolator, this time rather tightly,
and pour on the remainder of the alum solution. As soon as

i @the liquid percolates through and commences to drop from

il

- fhy

'the end of the percolator, close the aperture with a tightly-
fifitting cork and allow the drug to macerate for forty-eight

I phours. Remove the corkat the expiration of that time, allow

the liguid to drain off, and then pour sufficient water upon the
fldrug to percolate through twelve fluid ounces altogether.
i Mix this with the glycerin, filter, and place in a close-stopped
(sic) bottle.”

The fluid may be used undiluted, “ but the best results are
obtained by placing the tissues in a weak solution (ten drops
§to two fluid drachms) with warm distilled water for about
§ twelve hours.”

The chief object of this process is to obtain a stable fluid.
In the usual fluids prepared from extract of logwood, “ the
partially oxidised tanninin the liquid gradually absorbs more
poxygen from the air, and changes to other complex organic
compounds ; the colouring matter is also affected by the

# i decomposition and gradually becomes converted into other

substances, and the liquid finally becomes of a dirty muddy
colour and is half filled with a lumpy sediment. . . The
iidea therefore occurred to the author that if the tannin could
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be removed and the lake of logwood isolated . . a staining
fluid could be prepared which would be both permanent and
satisfactory. . . In this process nearly all the tannin is
removed by percolating the drug with cold water, a menstruum
in which the colouring principle is not very soluble, and the
subsequent maceration and percolation with the alum solution
removes the logwood lake in a state of comparative purity.
The glycerin is added simply for its preservative qualities,
which may be increased by the addition of a few drachms of
aleohol to the solution,”

The fluid thus prepared is of a deep purplish red colour.
It will keep its colour for a length of time, and deposits no
sediment. The stain given by it is of a delicate violet, and
Mitchell states is “unrivalled in the delicacy and clearness of
differentiation of its colouring.”

97. Alum Hematoxylin (Aqueous) (Grenacher's formulat).
—To 150 c.c. of a concentrated solution of ammonia alum, add
4 c.c.of a concentrated solution of crystallised heematoxylin in
absolute alcohol. Teave the mixture exposed to the light for
several days, and then add 25 c.c. of methyl aleohol and 25
c.c. of glycerin.

This fluid is chiefly employed for staining sections. It is
a fine nuclear stain. Sections should only remain for a very
short time in the fluid.

It is best to leave the solution standing until a deposit
forms before using.

Flemming finds the stain loses in sharpness after the lapse
of a year, both in preparations mounted in resinous media
and in glycerin preparations (1. c., p. 384).

! Flemming, ¢ Zellsubstanz, &c.,l’ p. 383.
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CHAPTER X.
g PURPURIN, INDIGO-CARMINE, SAFFRON, ORCHELLA, INK,

98. Purpurin. '—Purpurin was first introduced to histo-

logical practice by Ranvier, who found in it an important aid

il § to the study of cartilage. It is a colouring matter extracted
s From garance, and is obtained in the form of a pulverulent
body in a state of starch-like agglomeration. It is soluble in

Ij§ precipitates on cooling, but may be prevented from so doing
by the addition of a certain proportion of aleohol. The
inft employment of an alum solution as vehicle for the colouring
a3 matter has the advantage, at least so far as cartilage is con-
¢ cerned, of fixing the cellular elements at the same time that
{34 they are stained. (Ranvier found that alum in a solution of
tiig 45 5—1000 was the best of all fixing agents for cartilage-cells,
i ¢ Traité,” p. 279.)
99, Alum Purpurin Staining Solution (Ranwier’s formula?).
—200 grammes of water and 1 of alum are boiled in a porce-
lain capsule ; purpurin rubbed up in water is added, and the
boiling continued. The purpurin being dissolved to satura-
ttion (this is ensured by taking care to have an undissolved
fexcess in the capsule), the solution is filtered hot into a flask
{ containing 60 c.c. of alcohol (36° Cartier).
There is thus obtained a solution of an orange-rose colour,
dpresenting a marlked degree of fluorescence.

1 ¢ Archives de Physiologie,” 1874, p. 761, ¢ Traité Technique,’ p. 280.
? ¢ Traité Technique,” p. 280.
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(As regards the quantity of aleohol to be taken, Duval
writes that it should always be one-fourth in volume of
the total mixture, v, ‘Précis de Technique Histologique,’
p. 221).

The solution does not keep well for more than a few
weeks.

Sections of fresh ecartilage are to be placed in a small
quantity (only a few cubic centimetres) of the solution, and
after remaining there twenty-four to forty-eight hours, are
washed in water and mounted in glycerin. The stain is
nuclear, the matrix remaining almost colourless. Duval (1. ¢.)
states that this stain has a special selective action on sections
of central nervous system (especially spinal cord) obtained
from tissues hardened in bichromate of ammonia (2—1000),
and mounted, after staining for forty-eight hours, in Canada
balsam. The nerve-cells and processes, axis cylinders and
fibres of connective tissue are unstained ; but the nuclei of
connective tissue and of the capillaries are stained red.

100. Glycerin Alum Purpurin (Grenacher’s formula').—
In 50 cubic centimetres of glycerin (pure or diluted with
very little water) dissolve from 1 to 8 per cent. powdered
alum ; add a knife-pointful of purpurin, and boil. (Alcohol
must not be added.) Let the orange-coloured fluorescent
solution stand for two or three days, and then filter.

A nuclear stain ; ten to thirty minutes generally suffice to
produce good staining. The solution is stable, which
Grenacher finds that Ranvier's solution (No. 99) is not, the
latter precipitating after a few days.

101, Indigo.—Indigo is employed in histology in the form of
solutions of so-calledindigo-carmine, or sulphindigotate of soda
or potash. The simple aqueous solution gives a diffuse stain,
and is therefore not capable of being usefully employed alone.
It is, however, of great use when employed to bring about
a double stain in conjunction with carmine. Though it has no
1 ¢ Arch. Mik. Anat.,” xvi (1879), p. 470.
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U8 selective preference for nuclei or protoplasm, it possesses to a
high degree the property of imparting different hues and
{ intensity of stain to different tissues; and the nuclei being
b brought out by carmine, preparations are obtained of a dia-
b grammatic clearness that is not afforded by carmine alone.
Combined with oxalie aecid (Thiersch), indigo-carmine can
8 be made to afford a nuclear stain,
i Indigo-carmine is found in commerce in the form of a blue
‘@ paste, soluble in water, It not unfrequently contains
| impurities, and it is, therefore, better to prepare it oneself.
Il The following statements concerning commercial indigo-
i carmine are taken from Heidenhain’s paper on the kidney, in
¥ < Arch. Mik. Anat.” x (1874). The article known in com-
3 merce as sulphindigotate of soda is a variable mixture of
b different substances, of which the chief are generally these kel
@ three: the soda (or potash) compounds of sulphindigotic i
‘¢ acid (sulphocoruleinic acid), of hyposulphindigotic acid S |
|| (hyposulphocoruleinic aeid), and of sulphopheenicinic acid. i \
' The sulphindigotate of soda is freely soluble in water, PR
TiH slightly soluble in weak alcohol, and as good as insoluble in Py
‘§ absolute alcohol. Tt is precipitated from its solutions by A
W concentrated solutions of salts. e |
The hyposulphindigotate of soda is equally soluble in water i
| and in absolute alcohol, and is not precipitated by neutral
| salts. This combination is frequently present as an impurity
| in the sulphindigotate of commerce, which then appears partly
| soluble in absolute alcohol.
|  The sulphophcenicate of soda is much less soluble in water
it 8 than the sulphindigotate, is easily soluble in alcohol, and is
| easily precipitated by small quantities of salts. ; |
The following method of preparing the pure sulphindigotate o
is recommended (after Crum and Berzelius) by Maschke : S
102. Indigo-carmine.!—One part of best powdered indigo
is gradually shaken into a large flask containing 7 to 8 parts
1 ¢ Arch, Mik. Anat.,” x (1874), p. 32.
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of pure sulphuric acid of 1,840 sp. gr. As soon as the mass

has ceased to rise, the flask is closed and allowed to remain

for three days with frequent agitation. The solution is then

diluted with 80 to 40 vols. water, allowed to settle, filtered,

and to the clear liquid so many parts by weight of crystallised

carbonate of soda added, as were taken of sulphuric acid in

the first instance. (The soda must be added gradually and

in a large vessel on account of the violent foaming. It would

be therefore better to use acetate of soda, chloride of sodium,

or sulphate of soda instead; the formation and separation of

the sulphindigotate of soda being obtainable by almost all

soda salts that do not act destructively on the sulphindigotic

acid.) Now filter, allow the substance retained on the filter

to drain, and throw it into a considerable quantity of 5 per i’

cent. solution of acetate of soda, stirring well. Repeat this i

operation once or twice, itk s

The sulphindigotate of soda is now almost freed from the falt

hyposulphindigotate. It should be allowed to drain, the fuik

damp mass dried over a water-bath, pulverised, and treated fuit

repeatedly with absolute alcohol, by which means the last !

traces of the hyposulphindigotate, the greater part of the il

acetate of soda, and the remaining indigo-red, if any, are got i

rid of. Nl

‘ Another mode of preparation of sulphindigotate of soda is il
e the following, as reported by Seiler :

103. Sulphindigotate of Soda (Bullock’s process').—* Best

Bengal indigo is digested with Nordhausen’s sulphuric acid. -

The excess of acid is then removed by washing, the colouring fn

matter precipitated with chloride of sodium, and left standing o

w for several days. The precipitate is then separated from the i

' mother liquor by filtering through flannel, and the excess of il

chloride of sodium washed out by pouring cold water through

the filter until the colouring matter begins to dissolve. The

} ¢ Am. Quart. Mic. Journ.,’ i (1879), p. 220. ¢ Journ. Roy. Mic. Soc.,’

ii (1879), p. 614.

—
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Y fiwashing is then stopped, and the precipitate dissolved in warm
“Aftidistilled water to saturation, which makes a solution of a deep
4fhereenish-blue colour.”

104. Carmine and Indigo-carmine Stain (Seiler’s method ).
¥ —Specimens are stained with Woodward’s borax-carmine,
‘I ffand washed out with HCL as directed ante No. 74. The acid

is removed by thoroughly washing in alcohol, and the speci-

mens are then brought into a mixture of two drops of the
“Hidhsulphindigotate of soda solution (supra 103) in one ounce of
L 1 95 per cent. alecohol. The mixture should be filtered before
‘il fusing. After six to eight hours in the stain the sections are
dehydrated with alcohol and mounted.
“The effect of this mode of staining is to leave the nuclei
i bright red, while the formed material of the cell is slightly
tinged with blue. Connective-tissue fibres become stained
i with a deep blue colour, while the blood-vessels are purplish
Ul 8h and mapped out with surprising distinctness. Epithelium
h and hair take this stain in a very curious manner, inasmuch
ias the cells of different ages take different colours, ranging
4 from a brilliant emerald green to purple vielet and olive
&k green. P
i B 105. Oxalic Acid Indigo-carmine (Thiersch’s formula ?),—
| Make a saturated solution of commercial indigo-carmine
kis 8¢ (sulphindigotate of potash) in solution of oxalic acid of
11 ;22 to 30. Dilute, if desired, with alcohol. Concentrated,
the solution stains very intensely in a few seconds ; nuclei and
protoplasm being stained more deeply than other elements.
Overstains may be washed out with alcoholic selution of
oxalic acid.
106. Tincture of saffron (H. Blanc’s formula®).—Dissolve 5
k grammes of saffron in 15 c.c. of absolute alcohol ; allow the

1 ¢ Am, Quart. Mic. Journ.,” i (1879), p. 220. ¢ Journ. Roy. Mic. Soc.,”
I ii (1879), p. 613.

2 ¢ Arch, Mik. Anat.,” i (1865), p. 150.

3 «Zool. Anzeig.,’ 129 (1883), p. 28.
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golution to settle for a few days, filter, and dilute with one
half of water,

For Protozoa.—The organisms having been fixed with solu-
tion of Kleinenberg, and washed out with successive alcohols
up to absolute alcohol, are stained in the saffron solution ; they
are then washed out with 80 per cent. alcohol, the washing
out being continued until the colouring matter is sufficiently
removed from the protoplasm ; as soon as thisis seen to be the
case absolute alcohol followed by oil of cloves is substituted
for the 80 per cent. alcohol, and the preparations when
cleared are mounted in balsam, A nuclear or protoplasmie
stain, which Blanc prefers to picro-carmine hecause its action
is more rapid, and can be controlled more precisely by means
of washing out according as it is desired to stain the pro-
toplasm or the nuclei alone,

107. Orchella (Wedl’s formula').—French orchella extract,
from which the excess of ammonia has been removed by gentle
warming in a sand-bath, is poured into a mixture of absclute
aleohol 20 c.c., acetic acid (concentrated, of 1'070 sp. gr.) 5 c.c.,
and water 40 c.c., until a saturated dark-red stain is obtained,
which must then be filtered once or twice. Sections are
washed with water, drained, and treated with the stain.
Mount in levulose. A protoplasmic stain, nuclei remaining
colourless. Connective-tissue cells stain deeply, the intercel-
lular substance less deeply. Epithelia, if horny or calcareous,
are not stained. The basic substance of bone and teeth take
the stain, and so do ganglion-cells and their processes.

108. Ink Process (Paul’s method?).— Stephens’ ** blue-black”’
ink is the ink usually employed. It must be quite fresh.
Sections of spinal cord (chromic acid preparations) are stained
for a few minutes in a solution of 1 part of the ink to 5 or 10

1 ¢Arch, f. path. Anat.’ lxxiv, p. 143. ¢Journ. Roy. Mic. Soe.,’ ii,
1879. For an accouut of this substance vide Cooley’s ¢ Cyclopadia,’ sub
voce ¢ Archil.

# Marsh’s ¢ Section-cutting,’” 2nd ed. (1882), p. 148.
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k of water ; or for a few hours in a solution of 1 : 80 or 1 : 50.
. Mount in balsam.

For spinal cord.

108a. Bilberry Juice (Lavdowsky’s method').—Fresh berries
of Vaccinium myrtillus (the common bilberry or whortleberry)
should be well washed in water and the juice expressed and

. mixed with two vols. of distilled water to which ¢ some ** 90

per cent. alcohol has been added. It is then heated for a
short time and filtered warm. For use, a small quantity
should be diluted with two or three vols. of distilled water.

The stain gives a red colour with fresh neutral objects, or
lilac when the acid of the fluid is neutralised by an alkali or
neutral salt. The latter is the more durable. The stain may
be followed by eosin to procure a double stain,

It stains well the nuclei of all cells, and shows karyokinetic
figures “ very plainly.”

The reporter of the ‘Journ. Roy. Mie. Soc.”’ criticises the
publication of this stain (which he considers to be probably
useless) as an instance of *“ the modern fashion of recommend-
ing every conceivable substance which by any chance will
furnish a stain.” I consider the criticism unfortunate. A
stain that is capable of showing karyokinetic figures plainly
in fresh objects is certainly not useless, and it appears impro-
bable that so accomplished an histologist as Lavdowsky should
take trouble to recommend a useless process.

L ¢ Arch, Mik. Anat.,” xxiii (1884), pp. 506-8. ¢ Journ. Roy. Mic. Soe.’
(N.8.), iv (1884}, p. 652.
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CHAPTER XI.

GOLD CHLORIDE.

109. Gold Chloride (Coknheim’s method').—The well-known
‘ gold method ” was invented by Cohnheim. He practised it
as follows : Fresh pieces of cornea (or other tissue to be ope-
rated on) are put into solution of chloride of gold of 05 per
cent. strength until they are thoroughly yellow, and then ex-
posed to the light in water acidulated with acetic acid until
the gold is thoroughly reduced, which happens in the course
of a few days at latest. They are then mounted in acidulated
glycerin.

The method in this, its primitive form, often gave splendid
results, but was very uncertain, giving sometimes a nuclear
or protoplasmic stain, sometimes an extra-cellular impregna-
tion similar to that of nitrate of silver. And the preparations
thus obtained are not permanent, seldom keeping for more
than a few months.

Of late years very important improvements in the gold
process have been worked out. In order to facilitate the
penetration of the gold and its subsequent reduction in the
tissues, the tissues are made to swell up by treatment with
formic acid before being brought into the gold bath, and
formic acid is employed to assist the reduction after impreg-
nation. This is the principle of the process known as the
“method of Lowit.” Quite recently this method has been,
as it seems to the author, improved in important respects by

1 ¢Virchow’s Arch., Bd. xxxviii, pp. 346—349. ¢ Stricker’s Handb.,’
p. 1100.
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i the employment of fixing agents before the formic acid or in
« conjunction with it, or other acid used in place of it, and by
 employing a very dilute solution of the gold salt.

Thus employed, gold chloride is a most important aid to the
i study of the peripheral parts of nervous systems, which are
. by this means stained of a beautiful violet, surrounding
* tissues remaining colourless, so that the differentiation of the

4 merve-fibres is as perfect as possible. But even when thus

« employed with all possible precautions I consider gold chlo-
ride to be uncertain in its action, and that the results obtained

§ by means of it need to be controlled by the employment of
{ other methods. As an instance in point I may quote one of

the results of the researches of Viallanes into the peripheral
" nervous system of the larvee of Diptera. That accomplished
histologist employed the excellent modification of the gold
method deseribed below. He was led by it to describe as
peripheral ganglia, of a form that he calls melon-ribbed (&
cotes de melon), ganglia of larve of Tipula, Musca, and Eris-
talis, that from the position he assigns to them can be none
other than the chordotonal ganglia, for that position is just
that occupied by the chordotonal organs in these species, and
no other composite ganglia exist in that position. He even
succeeded in obtaining a sight of the scolopal bodies, and
describes them (Musca, Eristalis) as * small fusiform bodies
stained of a deep violet, and having in their centre a round
spot completely colourless.” The reader needs only to com-
pare this description with the complex structure found in
these bodies by various German writers, and recently ex-
pounded at large by Graber (‘Arch. Mik. Anat.,” Bd. xx),
and by myself (ibid., Bd. xxiii), and to remember that all the
details of these elements were worked out by simply placing
- the living animal in a compressorium, or, better still, he needs
" but to devote half an afternoon to the study of a small larva
. of Eristalis in a suitable compressorium, in order to be con-
- vinced that the gold method is not infallible. (I tried it
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myself in my researches on these chordotonal organs, accord- f§¢"
to Viallanes’ plan; it gave quite worthless results. Osmic "
acid and tincture of cochineal were the only stains that gave §
me fair preparations. (See a paper by the author on this sub- §
ject in “ Recueil Zoologique Suisse,’ t. 1, 1884.)

Gold chloride may be followed by a carmine stain for the
demonstration of nuclei, if the nuclei are not already impreg-
nated by the gold. T believe the preparations are permanent
if made carefully according to a good formula, such as that
of Viallanes. They may be mounted in acidulated glycerin
(with 1 per cent. formic acid) or in balsam.

One of the chief defects of gold staining is the over-colowura-
tion which frequently renders preparations useless after a
short time. Ranvier states that this can be avoided by
putting the preparations for a few days into alcohol, which
possesses the property of stopping the reduction of the gold.

Instead of the simple salt it is generally found better to
employ the double chloride of gold and potassium or sodium,
the details of the process being in either case the same. The
reasons for this are explained by Hoyer, infra, No. 111. ;

110. Gold Chloride (Chrschischonowic’s method).— (For fi®
nerves of buceal mucosa.) Elin describes this method, 1. ¢, f 1]
Fresh pieces of mucosa ave treated as follows: Gold chloride LS
of § per cent. thirty minutes ; water six to twenty-four hours; § {2
nearly saturated solution of tartaric acid, kept at a tempe-
rature of 40°—50° C., until complete reduction ; water a few Jut
minutes ; aleohol until hardened fit for section cutting.

111, Double Chloride of Gold and Potassium (Hoyer's [l
method ?).—(For corneal mnerves.) The double chloride of il
gold and potassium has the following advantages over the
simple gold chloride. It is more easy to be obtained of un-
varying composition, it is more perfectly neutral, and its
solutions are more perfectly stable. It is used in solutions
1 ¢ Arch, Mik. Anat.,” vii (1872), p. 388.

2 ¢ Arch. Mik. Anat.,’ ix (1873), p. 222.
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“d of the same strength as chloride of gold, viz. 0'5 per cent.
i Cornes must be very thoroughly imbibed with the solution.

Small cornes (rabbit, guinea-pig) require half to one hour,

. human cornese two to five hours (in an acidulated solution). It

is better to err on the side of too-prolonged immersion, rather
than the contrary. In order to demonstrate the intra-epi-
thelial ramifications of nerves, the gold is partially reduced
by exposure for sixteen to twenty-four hours in (1 or 2
ounces of) distilled water, and there is added to the water
one or two drops of a pyrogallic-acid developing solu-
tion, such as is used in photography (vide Gerlach, ‘Die
Photographie als Hilfsmittel der mikroskopischen Fors-
chung,’ Leipzig, 1863). Or instead of treating them with the
developing solution, the cornese may be removed to a warm,
concentrated solution of tartaricacid and remain there at the
temperature of an incubating stove until the gold is fully
reduced.

112, Chloride of Gold (Lowit's method').—1 take the fol-
lowing directions as to this method from Fischer’s paper on
the tactile corpuscles of Meissner. Lowit’s method was first
published by him in the < Wien. Sitzgsber.,’ Ixxi Bd.1ii Abth,,
1875, p. 1:

Small pieces of fresh skin are put into dilute formic acid
(one volume of water to one of the acid of 112 sp. gr.), and
remain there until the epidermis peels off. They then are
put for fifteen minutes into gold-chloride solution (1% per
cent. to 1 per cent.), then for twenty-four hours into dilute
formic acid (1 part of the acid to 1—8 of water), and then for
twenty-four hours into undiluted formic acid. (Both of these
stages are gone through in the dark.) Thin sections are then
made and mounted in dammar or glycerin, Successful prepa-
rations show the nerves alone stained, but it is not possible
always to control the results, After impregnation, tissues may
be stained for demonstration of nuclei with carmine, hema-

1 < Arch. Mik. Anat.,’ xii (1875), p. 866.
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toxylin, or anilin. The best results were obtained with anilin
applied in the manner described by Hermann (in ¢ Tageblatt
der 48 Versammlung deutscher Naturforscher in Graz,’ 1875,
No. 4, p. 105, vide post, ‘ Anilin Stains’). This method has |
the advantage of procuring a purely nuclear stain. ke
113. Gold Chloride (Ramwier's method').—The method of ff =
Lowit has been modified by many workers by omitting the f§
final treatment with undiluted formic acid, and also in some W§ .
other details. Ranvier proceeds as follows. Reflecting that I
the action of the one-third formic acid in which Léwit placed §'
his tissues must be hurtful to the finer ramifications of the
nerves, he combines the formic acid with a fixing agent de-
signed to antagonise its macerating action, and takes for this
purpose the chloride of gold itself. The tissues are placed in
a mixture of chloride of gold and formic acid (4 parts of 1
per cent. gold chioride to 1 part of formic acid) which has
been boiled and allowed to cool.? They remain in this until
thoroughly impregnated (muscle twenty minutes, epidermis
two tofour hours) ; the reduction of the gold is effected either
by the action of daylight in acidulated water, or in the dark
in dilute formic acid (1 part of the acid to 4 parts of water),
The object of hoiling the mixture of gold chloride and #™
formic acid is this, that “by boiling in the presence of the §"
acid the gold acquires a great tendency to reduction, and for §°"!
this reason its selective action on nervous tissues is enhanced.” fI*"
114. Gold Chloride and Lemon-juice (Ranvier’s method®). §"
—Instead of combining the formic acid with gold chloride in
order to mitigate its action, recourse may he had to a less
injurious acid than formic acid. Ranvier finds that of all
acids lemon-juice is the least hurtful to nerve-endings. He
therefore soaks pieces of tissue in fresh lemon-juice filtered
through flanpel, until they become transparent (five or ten

! € Quart. Journ. Mic. Sci.’ (N.8.), Ixxx (1880), p. 456.
2 ¢ Traité,” p. 826.
3 «Traité,” p. 813.
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iy & minutes in the case of muscle). They are then rapidly

3 B a8 e B

 washed in water, brought for about twenty minutes into 1
- per cent. gold chloride solution, washed again in water, and
' brought into a bottle containing 50 c.c. of distilled water and
" 2 drops of acetic acid. They are exposed to the light, and
* the reduction is complete in twenty-four or forty-eight hours.

The preparations thus obtained are good for immediate study,
but are not permanent on account of their over-blackening
with time, the reduction of the gold being incomplete. In
order to obtain perfectly reduced, and therefore permanent,
preparations, the reduction should be done in the dark in a
few cubic centimetres of dilute formic acid (1 part acid to 4
of water). The reduction is complete in twenty-four hours.

115. Gold Chloride (Viallanes’ method').—The tissues are
treated with osmic acid (1 per cent. solution) until they begin
to turn brown, then with one-fourth formie acid for ten
minutes; they are then put into solution of chloride of gold
of 15000 (or even much weaker) for twenty-four hours in
the dark, then reduced in the light in one-fourth formic acid.

116. Gold Chloride (Gerlach’s method 2).—Spinal cord is
hardened for fifteen to twenty days in a 1 to 2 per cent. solu-
tion of bichromate of ammonia. Thin sections are made and
thrown into a solution of 1 part of double chloride of gold
and potassium to 10,000 parts water, which is very slightly
acidulated with HCl. They remain there from ten to twelve
hours, and having become slightly violet are'washed in hydro-
chloric acid of 1 to 2 : 8000 strength, then brought for ten
minutes into a mixture of 1 part HCl to 1000 parts of 60
per cent. alecohol, then for a few minutes into absolute alcohol,
and thence into clove oil.

117. Gold Chloride and Arsenic (Manfredi’s method?).—
Tissues previously hardened in 2 per cent. solution of bichro-

1 «Hist. et. dév. des Insectes,” 1883, p. 42.
? ¢ 8tricker’s Handb.,” p. 678 (1872).
3 ¢ Archivio per le scienze mediche,” vol. v, No. 15.
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mate of potash are put for half an hour into solution of
arsenic acid, or into 1 per cent. acetic acid. They are then
put into 1 per cent. gold chloride for half an hour, washed in
water, and reduced in sunlight in 1 per cent. arsenic acid
solution, which is changed for fresh as fast as it becomes
brown. Mount in glycerin. Sunny weather is necessary.

118. Gold Chloride and Oxalic Acid (Manfredi’s method ).
—DF'resh tissues are treated as follows: Gold chloride, 1 per
cent., half an hour; oxalic acid, 0'5 per cent.; they are then
warmed in a water-bath to 36°, allowed to cool, and examined.
Mount in glycerin. Sunny weather is necessary.

119. Gold Chloride and Pritchard’s Solution (Carriére’s
method?).—Formic acid (50 per cent.) until the tissues are
transparent ; gold chloride, 1 per cent., twenty minutes; water;
reduce in Pritchard’s solution from midday till next morning
in the dark; wash with water, treat with alcohol, and imbed
in paraffin if sections are to be made.

Pritchard’s solution is composed of amyl-alcohol 1 per cent., fun!
formic acid 1 per cent., water 98 per cent.

120. Chloride of Gold and Cadmium (Ciaccio’s method®).—
Lemon-juice five minutes. Wash in water. Double chloride of
gold and of cadmium, 1 per cent., half an hour (in the dark) ;
wash in water; formie acid, 1 per cent. (in the dark), twelve
hours ; expose to sunlight twelve hours; undiluted formie
acid twenty-four hours, in the dark; wash in water. Mount
in glycerin.

For cornese and other parts rich in nerves,

1 ¢ Archivio per le scienze mediche,” vol. v, No. 15.

? ¢ Arch. Mik. Anat.,” xxi (1882), p. 146.

8 ¢ Journ. de Microgr.,’ vii (1883), p. 88. ¢ Journ. Roy, Mie. Soc.” (N.S.),
iii (1883), p. 290.

-
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CHAPTER XIL

 OSMIUM, CHLORIDES OF PALLADIUM AND OF IRON, PRUSSIAN
BLUE, SILVER NITRATE,

121. Osmic Acid.—Osmic acid has the property of staining

¢4 all fatty matters very rapidly and of a deep black. This pro-
- perty renders it available for the study of the distribution of

. medullated nerve-fibres, which it stains of a deep bluish black.
- It is frequently recommended in the books for the study of
. nerve-endings, for which it is of next to no use (qud its stain-
. ing properties). For the study of the distribution of nerves,
whether medullated or non-medullated, gold chloride is the
most fitting reagent ; for nerve-endings it is infinitely superior

U to osmicacid. Osmicacid is also frequently recommended as a
(g Hg general stain. This recommendation proceeds from the fact

+ that osmic acid will in course of time, and that not a very long
" time, stain all kinds of tissue that are submitted to its action,

il colouring them, according to the duration of exposure to it, of
& all shades of bluish or brownish grey down to jet black. But

| here again it must be said that this is a misleading recom-
¢ mendation, and that osmic acid should only be used as a

H; general stain when it is not convenient or possible to employ

one of the tried selective stains in general use. Its action is
. most uncertain. Sometimes it gives a diffuse stain in which
1 nuclei are brown, and protoplasm and formed tissue steely
& orey; sometimes the tissue and protoplasm is grey, whilst
i nuclei are unstained, appearing as empty spaces in the proto-
@ plasmic network. It is next to impossible so to control the

7
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tion. It has very little penetrating power, so that different
parts of a preparation are generally stained by it with very

unequal intensities. It does not readily combine with other §

reagents so as to form a double stain. It hinders subsequent
staining with carmine, and if used after a carmine stain
generally destroys it. Tt will, of course, be understood that
the objections here set forth have regard to the employment
of osmic acid as a stain ; it is a very poor stain, but I am fully
alive to its admirable qualities as a fixing agent.

It is best applied in the form of vapour. The preparations
should be exposed to the vapour of the solid acid, or of a
strong solution, until the desired colouration is obtained. If
fresh tissues be so treated they may be made to atford a good
nuclear stain with carmine afterwards, that is, if they have
not taken up too much of the metal. This too is the best
way of treating tissues that have already been stained with
carmine, if it is desired to preserve the carmine stain,

Of solutions, a plain aqueous solution may be used, or com-
binations of this with glycerin, or with chromic acid or bi-
chromate of potash solution. In any case a weak percentage
of osmic acid should be taken, in no case more than 0'5 per
per cent.

Small specimens of fresh tissues may remain, for instance,
for fifteen to thirty minutes in a 0-5 per cent. aqueous solu-
tion, and then be well washed out either with water oralcohol,
and further treated as may be desired. The smaller and more
permeable Crustacea sometimes give instructive preparations
when treated in this way. For delicate, easily-permeable
structures, much weaker solutions should be taken. Small
Medusee and Ctenophora may be made to furnish instructive
preparations by treatment for a few minutes with a solution
of about 0'1 per cent. or less.

Tor staining the tissues of vertebrates the glycerin or bi-
chromate of potash solution should, I think, be preferred.

action of the acid as to obtain the desired degree of coloura- § b
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i fil Tissues may be immersed in a solution of one-third glycerin,
or a mixture of glycerin 1 part, alcohol 1 part, water 1 to 3
. parts, to which about 1 per cent. of a 1 per cent. solution of
osmic acid has been added and left there for several days
until sufficiently stained.

Osmic-acid staining. Subsequent treatment of the tissues.—
In order to prevent the blackening with time that generally
happens to tissues that have been treated with osmic acid,
it several methods are available. The best is probably bleach-

i ing by free chlorine (Mayer's method, No. 476), or the speci-
it mens may be treated with ammeonia carmine or picro-carmine,
or they may be put for some hours into solution of bichro-
[ifs mate of potash or chromic acid. Thisis a very good plan.
Whitman recommends treatment for twenty-four hours with
| Merkel's solution (No. 17), which actually bleaches the tissues
i if blackened (‘Journ. Roy. Mie. Soe.,” (N.8.) i, p. 912). I
i@l find the method gives excellent results.

The best carmine stain for osmium objects ig, I think, alum-

f carmine. Borax-carmine or hsmatoxylin may also be used.

i Picro-carmine is generally recommended, but frequently

i results in a very dirty stain.

W 122, Osmic and Chromic Acid Staining Combination (Max
| Flesch’s formula) :

Osmium i . . . 010 parts.
s Chromic acid ; . g 0:25 00
bl Water . : ; ; 100.00

| For twenty-four to thirty-six hours. Is a good fixing and
| hardening agent, It gives a general stain of very little pre-
«# cision, and is certainly not to be recommended as a stain, The
i # same is the case with Flemming’s chromo-aceto-osmic mixture,
i No. 14.
| 123. Bichromate of Potash and Osmium.—By adding a
[ little osmium and about one-fourth of glycerin to Miiller's
ifl solution, a good hardening fluid is obtained, which gives, I
i think, a better stain than Max Flesch’s formula. A still
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better stain is obtained by treating for twenty-four hours
with osmic acid (of 0-1 per cent. in dilute glycerin) specimens
that have been hardened in bichromate of potash.

124, Osmic and Oxalic Acid (Brosicke’s method').—Osmie
acid, 1 per cent., one hour. Wash out the acid carefully, and
put for twenty-four hours into cold saturated agqueous solu-
tion of oxalic acid.

Most kinds of tissue are stained by this treatment of various
hues of carmine, the nuclei being darker. The tissues are
well preserved. Care must be taken that the tissues do not
become blackened before removal from the osmic-acid bath,
ag in that case the oxalic acid is powerless to redden them.
(I have tried this stain and find it diffuse.)

125. Palladium Chloride.—Weak solution of palladium
chloride (1500, 1:800, 1:000) should be taken and allowed to

act on the tissues for several days. An irregular general

stain, varying in the different tissues from yellow to inky
black (medullated nerve) is obtained.

Not to be recommended as a stain, but admirable as a
hardening agent.

For the manner of preparing the solution and other details
see HArRDENING Acunts, No. 215,

126. Prussian Blue Impregnation (Leber’s method?).—Treat
the tissue for a few minutes with 1 per cent. solution of sul-
phate of protoxyde of iron, and then with 1 per cent. solution
of red prussiate (ferricyanide) of potassium. Wash with
water.

127. Perchloride of Iron Staining Process (the Hoggans
method?).—This method was first published, three years before
the date quoted, in the ¢ Journal of the Quekett Club.’

The tissue (having first been fixed with § per cent. silver

1 ¢Qeience Gossip,” No. 175 (1879), p. 160. ¢ Journ. Roy. Mic. Soc.,” ii
(1879), p. 764.
2 Ranvier, ¢ Traité.” p. 108.
3 ¢ Journ. Roy. Mic. Soe.,” ii (1879), p. 358.
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nitrate, which is somewhat reduced by a short exposure to
diffused light) is dehydrated in aleohol, and treated for a
f fow minutes with 2 per cent. solution of perchloride of iron in
‘Jk spirit. It is then treated with a 2 per cent. solution of pyro-
it gallic acid in spirit, and in a few minutes more, according to
“ff the depth of tint required, may be washed in water and
mounted in glyeerin.

The process is not applicable to chromic acid or bichromate
specimens. This method has been re-invented by Fol, with
the difference that the iron perchloride is employed by him as
a fixing agent (see No. 85). It gives better results than any
"l other for the study of Tintinnodea (vide < Arch. Sci. Phys.
k ot Nat.,’ ix, 1883, p. 554, and ¢ Journ. Roy. Mic. Soec.,” (N.8),
b 111 (1883), p. 730).

The method may be recommended as being in many respects

: an excellent one. ; :
128. Silver Nitrate.—Nitrate of silver is an inferstitial- \l

. staining agent, employed for the purpose of demonstrating the P

. contowrs of cells, intercellular spaces, fine lymph canals and ;

lacunce in tissues. This reagent was first suggested by Coceius, it 1

but was brought into vogue by the observations of His and

Recklinghausen.! The general principles of its employment

are so well stated by Ranvier® that I cannot do better than
" abstract his account.

Silver nitrate may be employed either in solution or in the
solid state. The latter method is the less frequently employed,
but is easy and gives good results. It is useful for the study
of the cornea and of fibrous tissue, but is not suitable for
epithelia. For the cornea, for instance, proceed as follows.
The eye having been removed, a piece of silver nitrate is
quickly rubbed over the anterior surface of the cornea, which
is then detached and placed in distilled water; it is then

| See Recklinghausen, *“ Zur Geschichte der Versilberungsmethode,” in
¢ Virchow’s Arch.,” xxvii (1863), p. 419.
2 ¢ Traité,’ p. 105.
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brushed with a camel’s-hair brush in order to remove the epi-
thelium. The cornea is then exposed to the action of light.
On subsequent examination it will be found that the silver
nitrate which was dissolved by the liquid that bathes the
surface of the cornea, has traversed the epithelium and soaked
into the fibrous tissue, on the surface of which it is reduced
by the action of light. The cells of the tissues will be found
unstained.

Silver nitrate is generally employed in solution in the fol-
lowing manner : A 1 per cent. solution is taken, to which 2,
3, or 4 volumes of water are added according to circumstances,
The mode of employment varies in its details according to
circumstances, a point which it is very important to observe.
In the case of a membrane such as the epiploon, the membrane
must be stretched like a drum-head over a porcelain dish, and
washed with distilled water in order to remove the albumi-
nates and white blood-corpuscles that are found on its surface ;
it is then washed with the solution of silver nitrate. In order
to obtain a powerful stain it is necessary that this part of the e
* operation be performed in direct sunlight, or at least in a iﬁ‘f
very brilliant light. As soon as the tissue has become white f [
and has begun to turn of a blackish grey, the membrane is ]
removed, washed in distilled water, and mounted on a slide in hif
some suitable examination medium, T

If the membrane were left in the water, the cells would
become detached and would not be found in the finished pre-
paration.

If the membrane had not been stretched as directed, the feUTe
silver would be precipitated not only in the intercellular fein
spaces, but in all the small folds of the surface,and the forms o)
of the cells would be disguised. !

If the membrane had not been washed with distilled water =i
before impregnation, there would have been formed a deposit
of silver on every spot on which a portion of an albuminate fs
was present, and these deposits might easily be mistaken for
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a normal structure of the tissue. It is thus that very often

pimpurities in the specimen have been described as stomata of
§ the tissue. .

If the solution be taken too weak, for instance, 1-500 or
1:1000, or if the light be not brilliant, a general instead of an
interstitial stain will result; nueclei will be most stained, then
protoplasm, and the intercellular substance will contain but

i very little silver.

In general, in a good “impregnation,” the contents of cells,
and especially nuclei, are quite invisible.

Ranvier notes that when tissues are to be impregnated by
immersion, they should be constantly agitated in the silver-

{l bath in order to avoid the formation on their surfaces of
i deposits of chlorides and albuminates of silver which would
il give rise to deceptive appearances.

Impregnation with silver may be followed by treatment

‘'@ with picro-carmine (or other carmine stain'), which will bring
4@ out the nuclei provided the impregnation has not been over-

| done.

Tt should be noticed that impregnations only succeed with

i fresh tissues, and cannot be made to succeed with tissues pre-

served in any way.

129, Silver Nitrate Staining Solutions (Ranvier’s formule?).
—The solutions generally employed by Ranvier vary in
strength from 1:300 to 1:500. Thus 1300 is used for the
epiploon, pulmonary endothelium, cartilage, tendon, whilst a
strength of 1'500 is employed for the study of the phrenic
centre, and for that of the epithelium of the intestine. For
the impregnation of the endothelium of blood-vessels (by injec-
tion) solutions of 1-500 to 1:800 are taken.

130, Silver Nitrate Staining Solutions (Duwval’s formule?).
—Solutions of 1, 2, or at most 8:100, are recommended.

1 Kxeept ammonia-carmine, the free ammonia of which would quickly

dissolve-out the black impregnation-lines.
Y e Traits.’ 3 ¢ Précis,” &c., p. 229,
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In order to prevent the over-blackening of the preparations,
which very generally happens in the course of time, it is re-
commended that the silver be fixed by plunging the tissues, as
soon as impregnated, for a few seconds into a bath of hypo-
sulphite of soda (2 per cent.), after which they must be
washed in distilled water as usual.

131. Bilver Salts Staining Solution (Alferow’s formule!).—
Duval states that Alferow recommends the soluble silver salts
of organic acids, viz. the picrate, lactate, acetate, and citrate,
as giving better results than the nitrate. He employs them
in solutions of 1-800, and adds to the solution employed for
staining a small quantity of the acid of the salt taken (10 to
15 drops of a concentrated solution of the acid to 800 c.c. of
the solution of the salt). The object of the free acid is to
decompose the precipitates formed by the action of the silver
salt on the chlorides, carbonates, and other substances existing
in the tissues, leaving only the albuminate, which is a more
resistant compound.

132. Silver Nitrate Staining Solution (Tourneuz and Her-
mann’s formula?).—In their fine studies on the epithelia of
invertebrates, these authors employed a solution of 3-1000
strength, and in some cases weaker solutions. The tissues
were allowed to remain in the silver-bath for one hour, and
were washed out with alcohol of 36° strength.

133. Silver Nitrate Staining (for lymphatics of pancreas)
(the Hoggams' method?®).—The tissue having been stretched is
treated with 1 per cent, silver nitrate solution * quickly poured
on and off,” washed, and thesilverreduced by excessive exposure
to light. This may be followed by staining with hematoxylin,

! €Avch. de Physiol.,” 1874, <Laboratoire d’histologie du Collége de
France,” 1874, p. 258. Duval, ¢ Précis,’ p. 230.
* Robin’s ‘ Journal de ’Anas.’ (1876), p. 200.
3 < Journ. of Anat. and Physiol.,” xv (1881), p. 477.

{0
iy b
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CHAPTER XIIIL
COAL-TAR COLOURS IN GENERAL.

134, The following “ Classified List of the chief Anilin
| Dyes, with their Solubilities in Water and in Spirit” (page
106) is taken from a paper by Dr V. Harris in ‘Quart.
Jowrn. Mic. Sei.” (N.8.) xe (1883), p. 301.

| 135, Coal-tar Colouring Matters. Anilin Stains.—It
would be out of place here to attempt an exposition of the
bextremely complicated chemistry of the coal-tar colours, and
the reader is referred for information on that subject to the
§ treatises on the chemistry of dyeing and of the carbon com-
It pounds in general. (The following books are recommended :
it Bolley, ¢ Die chemische Technologie der Spinnfasern, &e.,
it Fortgesetzt von Kopp and Meyer,” and Schultz, ¢ Die Chemie
if des Steinkohlentheers,” &c., Braunschweig.)

| It is more important for us to note those gemeral proper-
i ties of the anilin dyes that have relation to their applicability
to histological staining processes. The great advantages
it offered by the majority of these dyes are that they stain most
ianimal tissues almost instantaneously and with great bril-
I liancy, whilst the stain readily takes effect on tissues

“fl hardened in chromic acid, which latter is, as we shall see, in

certain cases a very important point. A decided disadvantage
1 attaching to the whole group is the doubtful permanence of




BrOWN.

RED.

(RANGE.

YeLLow.

GREEN.

Biue.

VIOLET.

Bismarck — par-

tially sol. in
water; sol. in
dilute spirit.

Vesnvin—sol. in
water,

Chrysoidin—sol.
in water.

Eosin, Pink —
freely sol. in
water.

Anilin Scarlet—
insol. in water;
freely so in me-|
thylated spirit.

Flamingo, deep
brownish red~|
partly sol. in
water; freely so
in meth, spirit.

Poncean,’ deep
red crimson —
partly sol. in
water: freely in
dilute spirit.

Rosanilin—part-
ly sol. in water ;
freely sol. in
dilute spirit.

Fuchsin— partl 3|
sol. in water;
sol. in dilute
spirit.

Aurin—insol. in
water; partly
sol. in strong
spirit; more so
in absolute al-
cohol.

Anilin Orange—
ditto, ditto.

Tropeeolin, in
deepyellow glis-
tening scales—
partly sol. in
water ; more so
in meth. spirit.

Phosphin, yel-
lowish orange
—partially sol.
in water ; more
so, but not
freely, in spirit.

Safranin — sol.
in water and in

spirit.

Fluorescin, green-
ish yellow —in-
sol. in water;
sol. in spirit, the
solution  being
beautifully fluo-
rescent,

Anilin Primrose—|
only partly sol.
in meth. spirit.

Iodine  Green,
blue green —
freely sol. in
water or spirit.

Malachite Green,
a less blue

green — freely|

sol. in water,
and in spirit.

!Soluble Anilin|
Blue — freely
sol. in water.

Bleu de Lyon—

insol, in water ;
freely so in
strong spirit.

Methylen Blue, a

very deep blue
freely sol. in
water and in
spirit,

China
freely
water,

Blue
sol.

Serge Blue

ditto.

Blue
freely
water.

Black
sol.

Hoffman’s Violet
—freely sol. in
water and
dilute spirit.

in

Methyl Violet
the red predo-
minating —sol.
in water parti-
ally ; freely sol.
in spirif.

Gentian Violet,
the blue pre-
dominating —
freely sol. in
water,

Tyrian Blue,near
to violet — sol.
in water.

Spiller’s Purple

—sol. in spirit.

! Ponceau is a mixture of rosanilin and phosphin.
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ithus rendering mecessary special precautions for the preser-
vation of stained specimens, Very few of these dyes natu-
irally give a nuclear stain, so that such a stain can only be
‘obtained by means of a special method of washing out—the
{i Bottcher-Hermann process, of which, as explained and modi-
|fied by Flemming, I proceed to give an account. This is fol-
lowed by an account of Griesbach’s examination of various
anilin colours not studied by Flemming, and that, again, is
followed by special paragraphs devoted to some other im-
portant anilin stains, which will conclude this part of the

sMmatter ; the subject of double staining being treated sepa-

rately.

From an examination of the literature abstracted in this
chapter it must be concluded that very few of the anilin
msta.ins at present known are capable of being useful to the

morphologist—to the pathologist they may be of far greater
fimportance. At Naples only two anilins are generally em-
ployed, viz. Bismarck brown and safranin. The worker at
morphology will probably find the following stains sufficient
for all his needs, viz. as nuclear stains, iodine green, methyl
green, Bismarck brown, safranin; whilst anilin blue is
il cometimes useful as a diffuse stain for rendering visible very
delicate membranes, transparent chitinous structures and the
like, either as a single dye, or used after a carmine stain to
produce a double stain.

136. Anilin Staining for Nuclei (Bittcher’s and Hermann's
method).—I take the following from a paper by Flemming,
e, :

Tt was made out independently by Bottcher and by Her-
mann that by washing out with alcohol the diffuse stain of
anilin or “mnitro-colours,” clearing with oil of cloves, and
mounting in balsam, a fine nuclear and permanent stain may
be ohtained. That which makes this method peculiarly valu-
able is that it enables us to obtain permanent preparations of

1 ¢ Arch, Mik. Anat.,” xix (1881), pp. 817 and 742.
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nuclei brilliantly and precisely stained in tissues that have
been fixed with chromic acid. For the study of cell structure
and cell processes chromic acid is one of the most valuable of
fixing agents, but is defective in that it is incompatible with
precise staining by means of the usual ecolouring matters, such
as carmine and hematoxylin ; it becomes at once much more
valuable now that we are able to employ it without sacrificing
the power and precision of stain that is so important. The
method is further precious in that it affords the only means
known of preserving anilin-stained preparations, which (except
in certain ill-defined cases) lose their colour in glycerin and
in acetate of potash. The first hint of the process appears to
be due to Bottcher (wide * Reichert u. Du Bois-Reymond’s
Archiv, 1860, p. 373, and Virchow’s ¢Archiv, Bd. xlix, p.
302).

Bittcher's process—He treated his preparations as follows :
Miiller’s solution followed by alecohol, staining with nitrate
of rosanilin (dissolved in glycerin and water), washing out
with alchohol, clearing with kreasofe, mounting in balsam.
Flemming has two erificisms on this form of the method;
the first, that Miller's solution does not preserve nuclei in
their true forms, the second that kreasote attacks the stain.

Hermann's process—Hermann’s process was first published
in the ‘ Tagblatt der Grazer Naturforschersammlung,” 1869,
p- 105.

It consisted in hardening in aleohol tissues either pre-
viously fixed with chromie acid or fresh, staining in a concen-
trated aleoholic solution of fuchsin, and further treating as
above mentioned. He afterwards succeeded with other anilin
colours, especially safranin and rose de naphthaline,

187. Flemming’s Methods.—Flemming’s modifications of
the method are as follows :

The preparations are fixed in chromic acid (of from 0-1 to
0-5 per cent., according to the nature of the tissue). They
way remain in it, so far as their staining is concerned, for a
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§ few hours, or for months ; but it is better not to leave them
£ for more than a few weeks, lest they become brittle. If

¢l alcohol be employed to harden after the action of the acid,

this must first be washed out with water; and the alcohol
should be taken weak at first.

For staining, only sections, or very thin and permeable
i portions of tissues must be taken. They must be washed
il free from the acid in water. They are then stained for
it twelve to twenty-four hours in a small quantity (about 1 c.c.)
I of a solution of one of the under-mentioned colours in abso-
lute alcohol, diluted about one half with water; except in the
case of dahlia, which is best employed in aqueous or acetic-

offi acid solution without alecohol. They are then rinsed with
i alcohol, and brought into abseolute alcohol for half a minute

or longer (until they take on a #ranslucent colouration).
They may then either be cleared and mounted at once, or put
| into distilled water whilst they are being looked over and
i sorted. To mount them, they are cleared with oil of cloves
. and mounted af omce in dammar; they must be mounted at
. once, because oil of cloves extracts the colour. Kreasote does
soin a still greater degree.! Specimens that have been treated
with alcohol instead of chromie acid, and that have lain too
" long in it, no longer take on a nuclear stain with anilin
colours.
Flemming has experimented with the following colours:
Safranin.
Magdala red (Rose de Naphthaline).
Dahlia.
Mauve (mauvéin) (which is the chloride of a base allied
to the base of safranin).
Rouge fluorescent (which has a similar composition to
the last).
Solid green (which is the oxalate of a base obtained by
oxidation of Fischer’s leukobase or tetramethyltri-
1 On this point see infra, Clearing Agents.
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phenylmethan ; analogous in constitution to malachite
green).
Ponceau (which is the sodium salt of the acid compound
dinitroxylolsulphate of naphthol).
Orange (which is the sodium salt of the acid compound
dinitrobenzolsulphate of diphenylamine).
Eosin. Fuchsin. Bismarck brown,
Most of these colours were obtained from the manu-
factory of Bindschedler u. Busch, Basel.

Hosin and ponceau were found to be useless, as they
cannot be made to afford a nuclear stain. Orange staing
precisely, but too weakly. All the others give good results.
Mauvéin and rouge fluorescent often stain some nuclei much
more deeply than others in the same preparation. Solid
green gives a weaker stain than safranin and magdala. It
is specific as regards the “ Kerngeriist ” and nucleoli. Fuch-
sin gives a weaker stain than magdala, safranin, dahlia,
and mauvéin. Bismarck brown was not very satisfactory
with chromic acid preparations; but with fresh alcohol
preparations gave a good, though not quite pure, nuclear
stain. The best results were in general obtained with [
safranin, magdala, and dohlic. i

The chief modification of Hermann’s method insisted on by
Flemming is, prolonged staining in strong solutions.

Flemming sums up as follows the advantages of this
process :—** Whenever it is desired to preserve in their true
aspects the structure of muclei, and the figures of nuclear
division, as they are preserved by meams of chromic acid pre- F+%
eminently ; and further, o make such structures and figures
susceptible of minute study by means of strong and accurate
staining, in all such cases this method deserves preference over
all others. Where, however, no more is desired than a
general nuclear stain without regard to minute faithfulness
of fixation, other known methods are more convenient, § |
especially alcohol-alum-carmine.”
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The method may be applied to objects fixed with osmic
b acid, and (still better) osmium-chromic acid (Flesch’s
formula, No. 13).

138. Griesbach’s Experiments!—Griesbach examined in
‘vespect of their applicability to histological technic the
b colours mentioned in the following list. They were most of
L them obtained from Herrn Dr E. Nolting, Director of the
F School of Dyeing at Mulhouse (Chemieschule fiir chemische
i Farbenindustrie).

The colouring matters in question are mostly deep-hued,
representing all ghades of yellow, orange, and red. The

Uik shades are distinguished by the capital letters—Y (yellow),

O (orange), R (red), 00, RR, &e.

Anilins studied by Griesbach.?

| |
Commercial name.

Chemical name. Obtained from— Literature.

1. Anilin yellow | Amidobenzol | Any large manu- |Jahresber.d.prakt.
(Anilingelb) factory Chem., 1861, 82,
462.
2. Saiiregelb or |Amidoazobenzol- Ibid. Chem. Industr.,
Echtgelb sulfoséiure 1879, 49, 346.

“13. Chrysoidin

Diamidoazo-

1 ¢ Arch, Mik. Anat.,” xxii, p. 182.

Williams, Thomas,

benzol and Dower, Brent-|Berl. Ber.,1877,10,
ford and Fulham, | 213; N. O. Witt,
near London, or |ibid., 1877, 10, 550,
as No. 1 654 ; Griess, ibid.,
1877, 10, 388.
4. Vesuvin (Phen-| Triamidoazo- | Dr. E. ter Meer |Ztsch. f. Ch., 1867,
ylenbraun, benzol and Comp. chem. N.E., 3, 278.
Bismarckbraun, Farbenlabr. Uer-
Manchester- dingen a. Rh.
braun)
5 Tropaeolin Y. | Phenolazoben- | Durand and Ber d. d. Chem.
zolsulfosaures | Hugenin, Basel | Ges., 1879, 259,
Natrium

A. W. Hoffman,

2 [bid., p. 134,
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Commercial name.

Chemical name.

Obtained from—

Literature.

6. Tropaeolin O,
Chrysoin,

Chryseolin,

Tropaeolin R

(Orange 1V,
Orange N)

Tropaeolin
000, Nr. 1
(Orange I)

Tropaeolin
000, Nr. 2
(Orange I,
Chrysaurein,
(3 Naphtol-

orange)

10. Crocein

11.  Aechtroh
Roeeellin
(Orseillin,Nr.3,
Rubidin,
Rauracienne)

12. Ponceau R aus

Salz R1
(Xylidin-
Ponceau)

13. Ponceau RR
aus Salz Ri

14, Poncean G aus
Salz Gi

115. Ponceau GG
aus Salz Gi

7. Tropaeolin 00,

Resorcinazoben-
zolsulfosaures
Natrium

Diphenylamin-
azobenzolsulfo-
saures Kalium

a Naphtolazo-
benzolsulfo-
saures Kaliom

3 Naphtolazo-
benzolsulfo-
saures Kalium

'Azobenzolsulfo-
siure-ammonium
azo 3 naphtol-
sulfosaures
Natrium

3 Naphtolazo-
naphtalinsulfo-
silure

Xylolazo 8 naph-
toldisulfosiure

Pseudocumo-
lazo 3 naphtoldi-
sulfoséiure

Xylolazo Bnaph-
toldisulfosiure

Pseundocumo-
lazo B naphtoldi-

Ter Meer u. Co.

Ibid.

Durand
u. Hugenin,
Basel

Ibid.

Farbenfabriken

vorm. Friedr.

Bayer u. C. in
Elberfeld

Badische Anilin u.
Sodafabr. in
Mannheim. Or,
Durand u.
Hugenin, Basel

Fabr. von Meister,
Lucius u. Briining.|
in Hochat a. M.

Ibid.

Ibid.

Ibid.

sulfosiiure

|18th March, 1881.

D. R. P., Nr. 8229,

Witt, Privatmitth,
an Griess u. Griess
in Ber. d. d. Chem.
Ges., 1878, 2143.

Bericht der d.
chem. Ges., 1879,
259.

Ibid,

Do RBS
Nr. 18027,

24 April, 1878;
Chem. Indust.,
1878, 410.

Ibid.

Ibid.

Ibid.
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Commercial name. Chemical name. Obtained from— Literature.
16, Bordeaux R | Naphtalinazo- Ibid. Ibid.
aus Salz R |Bnaphtoldisulfo-
siure

17. Bordeaux G | Sameas16 | Tbid. Ibid.
aus Salz G ;

18. Biebricher | (8 Naphtolazo- | Aktiengesellschaft|Bericht d.d.chem.

Scharlach benzolsulfo- fiir Anilin- Ges., 1880, 801 ;
(Pongeau | sturenatrium- | fabrikation in | ibid., 1880, 542,
RRRI) azobenzolsulfo- Berlin 803, 980.

saures Natrium

|
19. Orange IIT |Dimethylanilin-| Ter Meer u. Co. ?
(Helianthin, |azobenzolsulfo-
Gold-Orange) | saures Ammo-
nium

I The following are the practical results obtained from

it Griesbach’s examination :

{  Anilin yellow.—1. Insoluble in water, soluble in alcohol.

il Useless.

| ¢ Sduregelb” or “ Bchigeld.”—2. Soluble in water. Bone
'stains a good orange, cartilace and connective tissue citron-

tyellow. Fresh and alcohol preparations stain well, not so

chromic-acid ones. A nuclear stain, but somewhat diffused

hinto the plasma. Good differentiation of the different tissues
iin a large section, ranging from brightest citron to brown.
Use concentrated solutions, as the stain is considerably washed

i} out by alcohol.

Chrysoidin.—38. Soluble in water. A diffuse yellow stain;

does not stain bone or any sort of connective tissue ;- does not
ranswer with aleohol or chromic-acid preparations.
Bismarck brown (Vesuvin).—4. A nuclear stain, both for
jalcohol and chromic-acid preparations ; most suitable for uni-
cellular organisms, bacteria, leucocytes, &&. The stain is not
I:easily washed out by alcohol.

8
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Tropeolin Y.—5. Soluble in water. Fresh connective
tissue and muscle of marine invertebrates are not stained,
aquatic forms stain a weak citron ; alcohol-preserved marine
mollusca behave like fresh ones, chromic-acid hardened spinal
cord is unstained, gland tissue diffusely; decalcified bone put
up in alcohol stains well. Is not washed out by alcohol.

Tropeolin O.—6. Dissolve in boiling water and filter. Bone
stains deep orange, connective tissue, muscle, and cartilage
= yellowish, epithelium brownish, gland tissue yellow ; chromic- Hf="
acid preparations, especially nerve-centres, citron yellow. Is §u
not washed out by alcohol.
Tropeolin. 00.—7. (Same as Flemming’s orange, except
that Flemming employed the sodium salt.) Soluble in water.
Resembles the action of Tropeolin O, but seems to be a
weaker stain. Not washed out by alcohol. fsh
Tropeolin 000, No. 1.—8. Soluble in water. Bone and f [
connective tissue dark orange; both fresh and alcohol and fuil!
chromic-acid preparations stain well. A fine nuclear stain, §uii
no-wise diffuse, more powerful than Tropzolin 00. Very Bt
resistant to alcohol. i O
Tropaolin 000, No. 2.—9. Soluble in water. Stainsin the i
same way as No. 1, but is very easily washed out by alcohol. §luie
Should be useful for the Hermann-Flemming’s nucleus- §i
_ staining method.! B
- Crocein.—10. Soluble in water. Stains (purple-red) bone, §usbu
Ciole cartilage, comnective tissue and muscle (both fresh and
i alcohol). Very good results with glandular tissues (pancreas, § s
_ liver, testicle). Chromic-acid objects stain well. A very fuiid
\ useful stain.
l Rocellin.—11. Boluble in water. A cherry-red stain for [l
| bone, connective tissue, muscle, glandular tissue, epithelia; itk
alcohol and chromic-acid objects stain well. A nuclear stain § s

1 ¢Tageblatt der deutsch Naturforschergesellschaft in Graz,’ 1875, i {2
p. 105. 1
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| for the Hermann-Flemming’s process. Hagily washed out by
alcohol. Bone sections gave the best results.

Xylidinponcean.—12. Solublein water. Stains well aleohol

preserved bone, connective tissue, and muscle; glandular
tissue diffusely ; chromic-acid objects not stained. Washed
out by alcohol.
i Ponceaw RR.—13. Soluble in water. Not fit for chromie-
il acid objects, but in other respects preferable to Xylidin-
i ponceau, as being a more precise nuclear stain. Resists
illl: alcohol.

Ponceou G.—14. Soluble in water. Bone stains deep
orange, connective tissue, musele, and epithelia saffron yellow.
| A nuclear stain for glandular tissues. Chromic-acid objects
- do not stain; better for vertebrates than for invertebrates.
| Washed out by alcohol, except from bone.

Ponceaw GG.—15. Soluble in water. Useless for chromic-
I# acid objects. Stains (sharp orange) bone, connective tissue,
and muscle, useless for other tissues. Washed out by aleohol.

Bordeauz R.—16. Dissolve in warm water to which a few
. drops of alcohol have been added. Bone, muscle, and con-
il nective tissues a fine Bordeaux red ; alecohol objects better
than fresh ones, chromic-acid objects stain. A nuclear stain,
very useful for glandular tissues. Resists alcohol.

Bordeauz G.—17. Dissolvein warm water. Same reactions
. as Bordeaux R, but a somewhat yellower tone.

Biebricher Scharlach.—18. Soluble in water. Stains all
tissues (aleohol) uniformly brightred. Not good for chromic-
i acid objects, nuclei are brought out sharply. Resists alcohol.
Gold orange—19. Soluble in water. Stains both fresh,
@ alcohol, and chromic-acid preparations; bone orange red,
i muscle and eartilage golden, connective tissue reddish. A
- most excellent stain for glandular tissues (lidney, prostate,
- injected liver—Berlin blue injection). TUse strong solutions
I as the stain is somewhat washed out by alcohol,

In working with any of the above stains be careful in the
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matter of using acids or alkalies subsequently, as they often
cause change of colour or throw down precipitates in the
tissues. :

Dehydrate, clear with an ethereal oil and mount in balsam.
Oil of cloves is recommended. (If the hue of the stain be so
delicate as to run any risk of being masked by the yellow of
the clove oil, use instead lavender or an absolutely colourless
oil of aniseed. In this case be on the look-out to avoid
shrinkage and brittleness arising in the tissues.)
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CHAPTER XIV.

IODINE- AND METHYL-GREEN, ANILIN-BLUE, QUINOLEIN, IN-
DULIN, METHYL-VIOLET, SAFRANIN, BISMARCK BROWN,
EOSIN, BENGALE ROSE.

139. Iodine-Green (‘**Hoffmann's Grin”) (Griesbach’s

W method").—Iodine-green, or Hoffman’s green, is the hydriodide

ik of tetramethylrosanilinmethyliodide. As to the chemistry of
the substance, see Hofmann and Girard ¢ Ber.chem. Ges.,’ ii,

ik 440, Hofmann, bid, vi, 552, and Hofmann, ¢ Monatsbericht

der Konigl, Academie der Wiss, zu Berlin,’ 15th July, 1869.

Crystallised iodine-green : ; 01 gr.
Distilled water . 4 i . 350 ,,
| These proportions may be varied according to the desire of

|
|
|
‘ Griesbach employs the following solution :
\

the operator, within limits indicated only by the observation
- that good results can only be obtained from deep-hued solu-
tions.
The objects are to be put into water for a few seconds
" before staining. They stain instantaneously in general.
They are to be washed out in water, and brought into glyce-
rin, or dehydrated in absolute alcohol and passed through
oil of cloves or anise-seed into balsam or dammar. The stain
is mot destroyed by immersion in alcohol for days. The pre-
parations are apparently permanent in balsam.
Alcoholie solutions may be used for staining, but Griesbach
finds no advantage in so doing.
A nuclear but frequently diffuse stain, valuable for the
exceeding rapidity of its action, and for its striking power

1 ¢ Zool. Anz,,’ No, 117 (vol. 5, 1882), p. 406.
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of marking-out by staining in various hues the different forms
of tissue. For instance, in a section through the uterus of a
roe-deer, the epithelia are stained blue, the glands dark green,
and the muscle-fibres malachite green, whilst the connective
tissue remains unstained.

In general bone and connective tissue do not take the stain,
gland-cells stain most intensely and selectively, muscle stains
instantaneously and diffusely, but the nuclei are brought out
by their deeper colouration, the sarcolemma remaining un-
stained. Good nuclear stains are obtained with blood, sper-
matozoa, and bacteria (sic).

It is useful for ganglion-cells and for axis cylinders. In
sections of spinal cord, and most especially in sections of
gkin, it affords most instructive preparations. In sections of
kidney instructive differentiations are obtained. Chromic-acid
preparations stain well.

On the whole, Griesbach states that “in many respects
iodine-green performs decidedly more than all other anilin
colours employed in histological practice.” “It is the most
useful of all anilin stains.”

This colour is somewhat expensive to prepare, and for this
reason is mno longer found in commerce, having been super-
seded by methyl-green. But the high price is no impediment
to the use of iodine-green in histology, on account of the
small quantity of the substance required for staining.

The presence of iodine may be tested in the following way :
A little of the solid colouring matter is treated with sul-
phuric acid, and a few small fragments of bichromate of
potash are added ; the iodine, if present, escapes in the form
of violet vapours. It may also be demonstrated by means of
chloroform or sulphide of carbon.

The colour may be obtained of excellent quality from C. A.
F. Kuhlbaum’s Chemische Fabrik, Berlin, S. 0.7 (‘Zool. Anz,’
No. 130 (1883), p. 56.)

L Dr. Harris found that both malachite and iodine-green are “ not at
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140. Methyl-Green (Calberla’s observationst).—Calberla first
obtained this substance in 1874 from the * Chemische Fabrik ”
of M. B. Vogel in Leipzig. It then went by the name of
¢ Vert en cristaux.”

He then found that “ the nuclei of subcutaneous connective
tissue and those of vessels and nerve-sheaths stained rose red,
eells of the corium reddish white, and the cells of epidermis

i greenish blue to pure blue.,” Observations made in 1876 with
- fresh samples of methyl-green, gave in the main the same
. vesults, but the effects were not invariably produced and the

stain was not always stable.

141. Methyl-Green (Griesbach’s method?).—Methyl-green is
not a derivate of rosanilin, but is obtained by treating methyl-
violet with methyl-nitrate (instead of methyliodide, as in the
manufacture of iodine-green).

Grieshach employs it in the same way as iodine-green ; it
gives tolerable preparations, but these cannot be compared to
those obtained by means of iodine-green, and are less resistant
to alcohol.

Viallanes employs this reagent for the study of the histo-
logy (principally nervous) of insect larvee, The tissues are
treated with 1 per cent. solution of acetic acid, and stained
(on the slide) in an aqueous solution of methyl-green (‘ Re-
cherches sur l'histologie des Insectes, ete., These, Paris,
1883.)

142. Methyl-Green (Carnoy’s methods ®).—Methyl-green has
been largely employed by Carnoy for the study of nuclei in
the fresh state. He finds that it is a pure nuclear stain. He
states that it has the further advantage of being an admirable
fixing agent for nuclei. Cells die in it instantaneously, and

all permanent,” vide‘ Quart. Journ. Mic. Sei,,’ 1883 (N.S.), No. xe (p.
300).

1 ¢ Morph. Jahrb.,” iii (1877), 3 Hft., p. 625.

*? ¢ Zool. Anz.,” 117 (1882), p. 410.

3 Carnoy, ¢ La Biologie Cellulaire,” pp. 92, 144.
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preserve their form for many hours. He uses a tolerably
coneentrated aqueous solution, to which it is frequently advis-
able to add 1 per cent. of acetic acid (glacial) or a trace of
osmic acid (01 to 1 per cent.). Washing out is easily done
with water.

143, Methyl-Green (for amyloid degeneration) (Cursch-
mann's method').—“ A 1 per cent. aqueous solution is used, a
few minutes’ immersion being sufficient; a more uniform
colouration is produced by using a more dilute solution and
immersing the section for a longer time. Alcohol, turpentine,
and oil of cloves quickly discharge the colour, hence specimens
cannot be mounted in balsam (sic), but may be mounted in
glycerin.”

“ Dr. Curschmann, of Hamburg, claims that methyl-green
has a peculiar affinity for amyloid substance, colouring it an
intense violet; surrounding tissues that have not undergone
degeneration are stained green or bluish green. The confrast
is striking ; the smallest spot of amyloid disease can be readily
discovered. Methyl-green also colours hyaline casts ultra-
marine blue, so in a section of the kidney the healthy tissue
would appear green, hyaline casts blue, and amyloid spots
violet.”

144, Picro-Anilin (Tafant’s method*).—Tafaniwas led toseel
for a green stain, obtained by the combination of anilin-blue
with picric acid, through observing that blue stains in general
are (optically) unfavorable to definition. Picric acid was
chosen in preference to chromic acid on account of its greater
harmlessness to the tissue-elements, whilst anilin-blue was
taken as the blue colouring agent on account of its more
selective action on certain tissues (spleen, lymphatic, central
nervous tissues), and its resistance to acids,

! ¢Louisville Medical Herald,” ii (1880), p. 123. ¢Journ. Roy. Mic.
Soe.,” iii (1880), p. 857.

2 ¢Journ. Roy. Mie. Soc,” i (1878), p. 82. “Journal de Micro-
graphie.’
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The solutions of picric acid and anilin-blue may be employed

" separately or mixed. In either case the solutions should be
i § saturated. Talke, for instance, of a saturated pieric-acid solu-

tion 100 vols., and anilin-blue solution 4 vols. A few minutes

t[suﬂice for staining preparations of the lymphatic glandular

gystem.
If it be desired to employ the two solutions separately, use
 the blue first, and allow the preparations to remain in it until

nuclear stain. The preparations should then be passed for
fifteen minutes into the picric-acid solution, the result being
E a green nuclear stain.

Tissues that have been treated with hardening reagents,
such as chromic acid, will take this stain.

The stained tissues may be treated with weak acids (acetic,
carbolic, hydrochloric) without harm; alkalies should be
i avoided. Preparations may be mounted in fluids or in
" balsam. I understand the author to say that glycerin affects

g [they have acquired a light sky-blue tint. This will give a

- the colour in time. The alcohol used for dehydrating, or the

glycerin used for mounting, should be slightly tinged with
picric acid: or the colour will be washed out.

The operation may be abridged in the ease of balsam-
mounting by simply dehydrating the specimens after staining
in the anilin-blue, by means of alcohol containing § per cent.
of picrie acid.

145. Parma-Blue (Frey's method ') —Parma-blue (which is
obtained by treating diphenyl-rosanilin with sulphuric acid)
gives when dissolved in water (say 1:1000) a fine violet blue
solution. Tissues stain in this in a few minutes. Rinse with
water and mount in glycerin or dehydrate with aleohol and
mount in balsam.

146, Anilin-Blue (Heidenhain's formula?).—Talke an aqueous
solution of such concentration that a watch-glassful appears

1 ¢ Avch. Mik. Anat.; iv (1868), p. 346.
2 ¢ Arch. Mik. Anat.,” vi (1870), p. 404.
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of a forget-me-not tone when placed on a white ground.
“ It must be neutral. If a drop of acetic acid be added, or
even if it be exposed to vapour of acetic acid, the solution
takes on a much deeper hue, and its staining powers are
enhanced. Ammonia on the contrary discolours it.
Into a watch-glassful of the above solution (4 c.c. in con-
tent) I bring about a dozen alecohol-hardened sections.
They remain there for twenty-four hours, in a closed space
saturated with vapour of water in order to prevent the con-
centration of the solution. Mount the stained sections, and
cement the mounts at once in glycerin; for if they are left in
excess of glycerin exposed to the air, the stain is gradually [
drawn out, which does not happen when the air is at once § b
excluded.” !
I have translated the directions literally, and must leave
the reader to make out whether Heidenhain means to direct
him to take a neutral or a slightly acid solution. Probably
he means that neutral solutions are to be employed, and pre-
cautions talken to prevent the access of acetic-acid vapour.
But why ?
147. Quinoléin-Blue (Ranvier's method').—The. quinoléin
should be dissolved in alcohol of 36° strength, and the
solution diluted with an equal volume of water. (If the
aleohol were taken dilute in the first instance, the blue would
- not digsolve.) The solutions employed for staining should be
) very weak as the quinoléin stains very powerfully.
"‘ After staining, wash and mount in glycerin. When first
\ mounted, nuclei will be seen to be stained a fine violet,
] | nerves of a grey blue, smooth muscle blue, protoplasm blue,
fat deep blue. But after twenty-four hours in the glycerin, i o
the aspect of the preparation is changed; the nuclei have (it
become colourless; the protoplasm remains blue, and is seen 1o
to contain granulations stained intensely blue; nerves {
remain grey blue, but frequently contain granulations stained
L ¢Traité technique > (1875), p. 102.
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.l blue. Quinoléin, in a word, has the property of staining

i fatty matters an intense blue.

If the stained preparations be treated with solution of
i | potash of 40 per cent. strength, the differential reaction is
'{ produced immediately; the nuclei are unstained, protoplasm,
nerve, and musecle tissue are pale blue, and fatty matters
deep blue.

148, Cyanin or Quinoléin-Blue (Certes’ method1).—Cyanin
or quinoléin-blue is imperfectly soluble in water; but for
the purpose for which this dye is recommended, viz. the
staining of infusoria, a very weak solution suffices. An
aqueous solution of 55l555 18 strong enough. If the solution
be made with common filtered water the infusoria are not
destroyed, but continue to live for from twenty-four to thirty-
six hours. Distilled water must be avoided if it be wished not
to kill the infusoria, as it is a quick poison for these organisms,

Lymph-corpuscles may be stained during life by means of
a solution of cyanin in serum.

In the case of infusoria, the reaction is peculiar in so faras
the stain is limited to the “fatty granulations of the proto-
plasm.” It is very feeble in the sarcodic expansions, in the
cilia, the cuticle, and the contractile vacuoles ; the nuclei and
nucleoli are completely free from it. Certes considers that
cyanin is one of the best tests for fatty matters.

In order to stain dead infusoria, Certes kills the animals in
a solution of ecyanin in one-third alcohol (the strength of the
solution is 1: 100,000). The reaction in this case is different
from that described above; certain elements, and sometimes
the nucleus, are stained violet, and very various colourations
are sometimes observed in one and the same preparation.
Certes was not able to determine the conditions of these
reactions.

Cartilage and cellulose stain violet.

1 ¢ Comptes rendus’ (1re série), 1881, p. 425, and ¢ Zool. Anz.,” No. 81
(1881), p. 209, and ibid., No. 84, p. 288.
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The stain is in no case permanent in glycerin,

149, Indulin (Calberla’s observationsl).—Indulin dissolves
into a dark-blue solution in warm water or in dilute alcohol,
For staining, the concentrated aqueous solution should be
diluted with six volumes of water. Sections will stain in the
dilute solution in five to twenty minutes; they may be
washed in water or in alcohol and examined either in glycerin
or oil of cloves.

The peculiarity of this stain is that it never stains nuclei;
the remaining cell-contents and intercellular substance are
stained blue. In its general effects it resembles quinoléin-
blue, and is exactly the opposite of methyl-green. The
stroma of tendinous tissue, for instance, stains of a fine blue,
the connective tissue that surrounds the bundle, hardly a
all, and the tendon-corpuscles of Ranvier remaining perfectly
colourless stand out as white stellate figures on a blue ground.

150. Anilin-Violet (Orth’s method?).—Sections are to be
soaked in water, and then brought into the following solu-
tion :

Anilin-violet . ; ) : S Lepart:
Acetic acid . : ] : . 300 parts.
Mount, without washing out, but simply draining, in 18
acetate of potash (acetate 2 parts, water 1 part).
The stain will probably fade within a year or two.
4 151, Safranin (Pfitzner's formula®).—One part safranin
dissolved in 100 parts absolute alcohol ; after a few days 200
parts of distilled water are added.
i An excellent stain for nuclei, being purely nuclear. Stains
| quickly. Works best with chromic-acid preparations from
' which the acid has been removed as far as possible.

1 ¢ Morph, Jahrb., iii (1877), 8 Hft., p. 627.

* “Amer. Mon. Micr. Journ.,” i (1880), p. 143. ¢ Journ. Roy. Mie. U
Soc.’ (N.8.), 1 (1881), p. 137.

® <Morph, Jabrb.,” vi, p. 478, and vii, p. 291. ¢ Journ. Roy. Mic. Soc.’
(N.S.), ii (1882), p. 878.
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According to Whitman (‘Journ. Roy. Mie. Soc.’, L. c.), this
¢ stain is in use at Naples.

152. Anilin-Violet or Methylanilin (Weiss's methods').—
| Todine, iodated chloride of zine, and sulphate of indigo, are
| well-known tests for amyloid substances. To these in late
b years has been added anilin-violet, which possesses the
| property of staining of a more or less lively red the regions

e affected with amyloid degeneration, whilst other tissues are

. stained of an intense blue.

15%a. Safranin—To all of these, Weiss prefers safranin.
| Safranin is perfectly soluble in aleohol, imperfectly so in water ;
stains tissues in a few instants rose, nuclel more intensely
than cell substance. Both fresh and alcohol-hardened tissues
are well stained; less well those that have been hardened
with chromic acid. Preparations keep well in a saturated
solution of acetate of potash. As regards testing for amyloid
substances, the reaction is as follows: healthy tissues stain of
a fine rose colour, those affected with amyloid degeneration
of a fiery orange yellow.

The preparation employed by the author goes by the name
of “ roge safranin’

153. Methyl-Violet (Methylanilin=anilin-violet=Paris-
violet=inchiostro di Leonardi) (Capparelli’s experiment?).—
Referring to the above-mentioned dichroic reaction of anilin-
violet, Capparelli, suspecting it to be an optical and not a
chemical reaction, examined wunstained sections by light
transmitted through a thin layer of anilin-violet, and found
the reaction was produced just as if they had been stained,
that is, the amyloid substance appeared red, and the healthy
tissues violet. He obtained the same effect with some other
dichroic liquids. He then mounted sections of affected
organs on glass stained with the seven colours of the spec-

1 ¢ Archivio perle seienze mediche,” iii, No. 14 (1879), p. 2.
2 ¢ Archivio perle scienze medicke,’ iii, No. 21, p. 1.
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trum, and found that on the wviolet glass amyloid matter |
appears red, whilst normal tissues were of a deeper wiolet-like i
hue. TFrom these experiments he deduces that it is a property §f*"
of amyloid substances to stop the violet rays whilst letting #¢
the red rays pass. (Spectroscopic examination proved that
anilin-violet contains these two sets of rays.)
154, Bismarck Brown (Weigert’s formula').—¢ Bismarck
brown”’ is an anilin colour prepared by the Berlin ¢ Actien- fi*"
- gesellschaft fir Anilinfarben-fabrikation.” It may be used |
in weak alcoholic or concentrated aqueous solution. The
latter is prepared by boiling the colour in water. Filter the
‘- golution. (It must be refiltered from time to time.)
A precisely nuclear stain. Alcohol or chromic-acid pre- §*"
parations are deeply stained in a few moments in the concen- ¥
trated solution; in a few minutes in weaker solutions. B
Wash out in absolute alcohol if it be desired to employ oil of §*"
cloves and Canada balsam; or first in water and then in }-"' L
aleohol if glycerin be chosen. Does not overstain, and doeg §!
not overwash out. Is selective for “plasma-cells” and for L‘-f
many forms of bacteria and micrococcus. May be combined -
with other colours to produce double stains. The colour of !
the stain is brown, a fact which gives it a special importance §*
where it is desired to photograph preparations. i
155. Bismarck Brown (Mayzel's formula?).—Bismarck § W
brown is dissolved in acetic acid. The preparations may be §&
studied in glycerin, but soon fade. Used by Flemming and
others for the study of nuclei. ;
\ 156. Bismarck Brown (Mayer's formula®).—According to
| ‘Whitman, whose report is here given, Mayer uses a saturated fA
1 solution of Bismarck brown in 70 per cent. alecohol. I
1567, Eosin.—The eosin of commerce is stated by Fischer, § I

1 ¢ Arch, Mik. Anat.,” xv (1878), p. 258. &
% ¢ Arch. Mik. Anat.,” xviii (1880), pp. 287, 250.
§ ¢ Journ. Roy. Mic. Soe.” (N.8.), ii (1882), p. 878,
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b who was, I believe, the first to introduce this substance into
| histological practice, to be the potassium salt of tetrabromide
of fluorescein. (‘Arch. Mik. Anat.’ xii (1875), p. 349.)
(M. Duval calls it the potassium salt of a bromide of
| phthaléin, the primerose of commerce.) Tt is soluble both in
aleohol and in water. By treating an aqueous solution with

ik acids' (e.g. HCL), the free colouring matter is precipitated,

ta k and may be employed for staining in alcoholic solution (see

14l below).

Eosin staining solutions have great penetrating power, and
| produce a powerful rose-coloured stain in a very short time.
| A few years ago they were highly in favour in many

| laboratories ; but there are serious objections to their use,

. arising from the diffuseness of the stain and the difficulty of
. getting stained preparations to keep in the usual mounting

i media. It is probable that hereafter this reagent will only

" be used in combination with some other staining material,
either with the view of ensuring greater penetration (e.g.
Lang’s picro-carmine and eosin), or to obtain a double stain
(as in the case of hesmatoxylic eosin). Eosin-stained prepara-
tions must not be treated with acids; they should be mounted
in neutral, or better, saline glycerin containing 1 per cent. of
NaCl and charged with a little eosin (otherwise the colour
would diffuse out from the preparations); or in balsam after
dehydrating with alcohol and clearing with clove oil, both
similarly charged with eosin.

158. Aqueous Eosin Staining Solution (Fischer’s formula').
—Anu aqueous solution of commercial eosin of 1: 10 or 1:
20 strength may be made, and a few drops of it added to a
watch-glass of water in which are the objects to be stained.
These may remain in the solution for ten or twelve hours,
when they may be washed out with water or alcohol. A
diffuse stain. For mounting, see the last paragraph.

1 ¢ Arch. Mik. Anat,,’ xii (1875), p. 349.
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159. Aleoholic Eosin (Fischer’s formulal).—If an aqueous | ;
solution of eosin be treated with acids, the fiee colouring @
matter is thrown down, and may be separated by filtration, f§ fre
and dissolved in 20 to 80 parts of alcohol (absolute alcohol is §
best). A few drops of this solution are added when required @&
for staining to a watch-glass of alcohol.

The aleoholic solution of the free eosin colouring matter is
generally preferable to the aqueous solution of the potassium
salt, and especially so in the case of preparations that have
been hardened in Miller’s solution. For in this case the
chromic acid of the bichromate of potash throws down the
free colouring-matter of the eosin in the form of a red pre- [l
cipitate that can only be Lkept soluble in concentrated [fuil
alcoholic solution. If it is desired to use the solution of the [l
potassium salt, therefore, the chromic acid must first be e
neutralised by addition of some alcali.

Both these solutions are stable. Fresh preparations stain
better in the alcoholic than in the aqueous solution. The
axis cylinder of nerves stains deep rose-red, whist the myelin &'
is hardly coloured at all. Muscle stains deeply. Like the g
first, a diffuse stain. it

160. Alum-Alcoholic-Eosin.—Free eosin 1 part, alum 1 Ju
part, absolute alcohol 200 parts. Not superior to the latter § i
formula. i

161. Ammonia-Eosin (Lavdowsky's formula?).—Eosin is i
dissolved in ammonia, which is allowed to evaporate, and the [
solution is then diluted with water. It should be neutral or fi
very feebly alkaline. One or two drops of this are diluted
with water until the mixture appears barely coloured in a
watch-glass placed on a white background. The sections are
placed in this watch-glass and removed therein to a desiccator
(or placed under a glass shade) containing a watch-glass of

! ¢ Arch, Mik. Anat.,’ xii (1875), p. 349.
* ¢ Arch. Mik. Anat.,’ xiii (1876), p. 359.
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“to 3 cc. of water), and left exposed to the vapour of

Y4 the acid for twenty-four hours.

Al The ammonia-eosin may also be used in a more concen-

g4 trated solution, in the ordinary way.
162. Picro-Eosin (Lavdowsky’s formula').—To an ammo-

niacal solution of eosin that has been exposed to the air for

two or three days, concentrated picric acid is added to !

neutralisation. The solution may be used in divers degrees el

of concentration. o5
Both these solutions of eosin stain better than that of

Fischer’'s formula (No. 158), since eosin is not sufficiently

goluble either in water or in alecohol. The ammoniacal

solutions do not stain diffusely, as is the case with Fischer’s

M dilute acetic acid (one to two drops of the concentrated acid
g
i

"lE 4 solutions.
163. Bengal Rose (Griesbach’s method?).—Bengal rose, or . j
“ Rose bengale,” or “Bengal rosa,” is an eosin dye. Gries- : \
bach states that it is a chloride of the tetriodide of fluorescin, %
and belongs to the Resorcin phtaléing. It is the bluest of
the eosin dyes as yet known, approaching in hue to fuchsin,
but possessing far greater brilliancy and purity of hue. In
aqueous solution it is very useful for staining chromic-acid el
objects, especially spinal cord, in which the grey matter stains
of a deep bluish-red, and stands out boldly from the less
deeply coloured white matter. Connective tissues and muscle
both of vertebrates and invertebrates take the stain well. It
is not useful for bone or glandular tissues as these stain
diffusely, and the stain is too much extracted from them by
alcohol. It is very useful for double and treble stains, as
will be explained below,
1 ¢ Aveh. Mik. Anat.,” xiii (1876), p. 859.
2 « Zool. Anz., No. 185 (1883), p. 172.

L}
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CHAPTER XV.

BACTERIA-STAINING.

TuE processes that it is necessary to employ for the .

staining of Schizomycetes are of a somewhat special nature,
so that it appears desirable to give here a special account of
them.

164. Bacteria-Staining (Blanchard’s method?).—A film of
bacteria from an infusion is fixed by treating it with strong
osmic acid on a slide. It is then covered, the osmic acid
drawn off, and a drop of violet of methylanilin run in under
the cover. In half an hour’s time the preparation may be
completed by running in glycerin to which is added a small
quantity of the violet in order that the stain may not be
extracted from the organisms. Or concentrated solution of
sulphate of caleium may be used instead of glycerin. The
bacteria are stained of a fine violet, the ground-substance
remaining colourless.

Other anilin stains may be used, but methyl-violet appears
to be the most durable,

Hematoxylin may be used. In this case the film of
bacteria should be stained in it for twenty-four hours (after
fixing with osmic aecid) ; the iridescence which is then formed
and spoils the clearness of the preparation is removed by
repeated washing, and the membrane is mounted in glycerin
or chloride of calcium.

. ! “Rev. Inter. Sci.,’ iii (1879), p. 245. *Journ. Roy. Mie. Soc.,” ii
(1879), p. 463.
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165. Bacteria-Staining (Weigert's methods').— Weigert
remarks that most micrococci may be coloured by means of
the ordinary nuclear stains; e.g. Schweigger-Seidel’s carmine,
anilin or hematoxylin. They are coloured red by all the
nuclear carmine stains, by purpurin, by fuchsin, and by
magdala red; brown by Bismarck brown and vesuvin;
brownish-violet by carmine, if the preparation be subse-
quently washed with tincture of sesquichloride of iron;

green by methyl-green; blue and violet by hamatoxylin,

iodine-violet, methyl-violet, dahlia, and gentian-violet. The
anilins are used by overstaining in strong aqueous solutions,
and washing out with aleohol or acetic acid, or both.

For the larger bacilli, only anilins ean be used ; carmine and
hematoxylin are useless. The stains specially recommended
are, Bismarck brown, methyl-violet, methyl-green, safranin,
fuchsin, magdala, and gentian-violet, the last being most
recommended. It is employed in a 1 per cent. aqueous
solution. Wash out for an hour in alecohol and afterwards
put up in water, alcohol, or oil of cloves. In the case of
sections of pathological tissues, the nuclei of the tissues may
subsequently be stained with ecarmine, cochineal, alum-
carmine, borax-carmine, or picro-carmine.

166, Methylen-Blue with Vesuvin (for staining the bacillus
of tuberculosis) (Koch’s method®) —This is the process by
which Koch first demonstrated the bacillus of tuberculosis. A
thin layer of tubercular material is spread over a cover-glass,
¢« dried, and warmed for a few moments over a flame, so as to
render it insoluble; it is then placed for twenty-four hours in
a mixture of 1 c.c. of concentrated solution of methylen-blue
in alcohol, 0-2 c.c. of 10 per cent. solution of potash, and 200
c.c. distilled water. After the twenty-four hours the pre-

I ¢ Arch, f. Path. Anat.,” Ixxxviii (1881), p. 275. € Journ. Roy, Mie. Soc.
(N.8.), i, p. 838. :

2 ¢Verh. Physiol. Ges. Berlin’ (1882), p. 65. *Journ. Roy. Mic. Soc.’
(N.8.), ii (1882), p. 385. :
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paration is found to be coloured blue; a few drops of a
solution of vesuvin are then placed on it, which has the
effect of discharging the methylen-blue from all the tissue-
elements, but not from the bacilli, The former are of a
brown colour, and the blue bacilli ave conspicuously defined.”
The preparation is finished with absolute alcohol, oil of
cloves, and balsam. “This peculiarity of being rendered
visible by the combined action of methylen-blue and vesuvin
is possessed only by the tubercle-bacilli and by those -of
leprosy. All other bacteria, and micrococei known to Koch
lose, under the action of vesuvin, the blue colour which they
acquire from methylen-blue.”

167. Staining Bacilli of Tuberculosis (Ehrlich’s method?).
The alkali used in Koch’s process “exercises a modifying
action on the different histological elements and on the
bacteria, themselves. . . . Hhrlich therefore sought for
another base, acting in a less powerful manner, and found it
in phenylamin or anilin.”

A thin layer of expectorated matter is spread on a cover-
glass, dried, and fixed by warming for an hour at 100° or
120° C., or by passing rapidly four or five times through the
flame of a spirit lamp. The cover is then floated with the
tubercular layer downwards, for a quarter to half an hour on
the surface of the staining fluid, which is prepared as
follows :

“ A saturated solution of phenylamin is to be made in dis-
tilled water, by shaking with the water the excess of anilin
which Hoats on it, and carefully filtering the whole, To the
transparent liquid thus obtained add, drop by drop, a
saturated alcoholic solution of fuchsin or methyl-violet until
a slight opalescence is produced.” This is the first part of
the process. The preparation must now be washed out, so as
to leave the bacteria alone stained. The cover is therefore

1 ¢ Bull, Soc. Belg. Micr.,’ vii (1882), p. exvii. ‘Journ. Roy, Mic. Soc.
(N.S.), ii (1882), p. 573.
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¥ floated on to nitric acid diluted with two volumes of water;
. 8 mnitrous vapours are at once disengaged, and the preparation
B |
| balsam. “Under the microscope the bacteria are seen to be
" very clearly coloured red or violet; but by reason of their

becomes absolutely colourless in a few seconds. Mount n

extreme delicacy they often escape the eye and require the

- most accurate focussing. It is therefore hetter to study
- them in preparations which have been slightly coloured blue

or green (when fuchsin has been used for the first bath), or
yellow (when methyl-violet has been used).”

168. Anilin and Methyl-Violet for Tubercle-Bacteria (Van
Ermengen’s method').—Instead of making (as in Ehrlich’s
process, vide supra) a solution of anilin in water, which only
takes up 1 part in 30, an alcoholic solution is made (4
grammes of liquid anilin in 20 grammes of aleohol of 407,
adding an equal quantity of distilled water, and filtering
before use). Van Ermengen found that the most stable
colouring agents were sulphate of rosanilin and methyl-
violet—B B B B B. Decolourise in dilute nitric acid, and
wash in distilled water.

169. Potash Process for Tubercle-Bacteria (Bawmgarten’s
method *).—A film of tuberculous matter is spread on a cover-
glass, which is then placed in a watch-glass and covered with
distilled water, to which is added some drops of a 33 per
cent. solution of caustic potash. Without any further pre-
paration the bacteria may then be recognised under a power
of 400 to 500, particularly if a light pressure is applied to the
cover-glass so as to disengage them more completely from the
detritus which surrounds them.

If it be wished to distinguish them more clearly from other
bacteria, the preparation should be dried by passing the

1 ¢Bull. Soc. Belg. Micr.,” vii (1882), p. cli. “Journ. Roy. Mic. Soc.”
(N.8.), ii (1882), p. 706.

% <Centralbl. f. d. Med. Wiss.,” 24th June, 1882. ¢Journ. Roy. Mic
Soc.? (N.8.), ii (1882}, p. 706.
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cover-glass rapidly two or three times through a flame, and
stained with concentrated aqueous solution of anilin-violet or
other colour. The bacteria of tuberculosis are absolutely
colowrless, while the other bacteria, micrococei, &e., are plainly
coloured. The whole process only takes ten minutes.

170. Magenta and Chrysoidin for Tubercle-Bacteria
(Heneage Gibbes's method").

B Magenta crystals : : ; . 2 grammes.
Pure anilin $ ; / - B3 5
Aleohol (sp. gr. *830) . ; . . 20 c.c.
Distilled water . . . : . 20.c.c.

Dissolve the anilin in the spirit, rub up the magenta in a
glass mortar, adding the spirit gradually until it is all dis-
solved, then add the water gradually, while stirring, and keep
in a stoppered bottle.

A thin layer of sputum is spread on a cover-glass, dried,
and fixed by passing the cover two or three times through
the flame of a small Bunsen burner. It is then floated, with
the sputum-layer downwards, on the surface of a small
quantity of the magenta solution, where it remains for fifteen
or twenty minutes. Wash in dilute nitricacid (33 per cent.),
until all colour has disappeared: wash out the acid with
water, when a faint colour will return; float on to the
surface of saturated solution of chrysoidin in distilled water;
let the preparation remain for a few minutes until it has
taken on the brown stain; wash out with water; place in
absolute alcohol for a few minutes; remove and dry perfectly
in the air; mount in balsam.

In order to preserve the aqueous solution of chrysoidin,
there should be added to it a crystal of thymol dissolved in a
little absolute aleohol. Both the magenta solution and the
chrysoidin solution should be filtered into the watch-glass in
which the staining is performed.

! “Lancet,” ii (1882), p. 183. *Journ. Roy. Mic. Soc’ (N.S.) ii (1882),
p. 895.
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171. Rosanilin and Methyl-Blue for Tubercle-Bacteria
| (Heneage Gibbes’s method') —Take of rosanilin hydrochloride

i I2 grammes, methyl-blue 1 gramme; rub them up in a glass

mortar. Then dissolve anilin oil 8 c.c. in rectified spirit 15
c.c.; add the spirit slowly to the stains until all is dissolved,
 then slowly add distilled water 15 c.c; keep in a stoppered
 bottle.

The sputum having been dried on a cover-glass in the
f usual manner, a few drops of the stain are poured into a test-
L tube and warmed. As soon as steam rises, pour into a watch-
 glass, and place the cover-glass on the stain. Allow it to
i remain for four or five minutes, then wash in methylated

s & spirit until no more colour comes away; drain thoroughly

;and dry, either in the air, or over a spirit lamp; mount in
balsam.
The stain can be used cold equally well, but in that case

i the cover-glass must be left on it for at least half an hour.

The bacilli of tubercle are stained red, micrococei and
bacteria blue. The results arve “very satisfactory, and the
horrible nuisance of the nitric acid is avoided.”

171a. Gentian-Violet and Iodine, for Schizomycetes in
Tissues (Gram’s method?).—A solution of gentian-violet is
- prepared according to the formula of Ehrlich (supra, 167),

{ and the sections, after having been soaked in absolute alcohol,

are stained in it from one to three minutes (except in the case
. of tubercular bacilli, which require twelve to twenty-four
| hours). They are then placed in a solution composed of
iodine 1 gramme, iodide of potassium 2 grammes, water 300
. c.c. After three minutes therein they are brought into
absolute aleohol (in some cases it is better to immerse them
in absolute alecohol before the iodine bath, as well as after it).

“ 1 <Tancet, i (1883), p. 771. ‘Journ. Roy. Mic. Soc.’ (N.S.), iii (1883),
p. 764.

2 ¢ Fortschr. d. Medicin,” ii (1884), No. 6. ¢ British Med. Journ.,’
Sept. 6, 1884, p. 486. ¢ Journ. Roy. Mic. Soe” (N.8.), iv (1884), p. 817.
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Change the alcohol once or twice so as to well wash out the i
sections, clear in clove oil (which completes the decolouration) 1
and mount in balsam. A double stain, the bacteria being |
violet and the tissue-elements faint yellow. The colour of the W "
latter may be deepened by immersing the sections for o f¥""
moment in saturated aqueous solution of vesuvin, after they §
have been transferred from the iodine solution to alcohol, A
longer immersion in the vesuvin would cause the violet colour
to be extracted from the bacteria. Dehydrate with alcohol
and mount as before.

The fellowing schizomycetes take this stain : those of cru-
pose pneumonia, of pneumonia, of the liver abscesses after
perityphlitis, of circumseribed infiltration of the lungs, of
osteomyelitis, of arthritis suppurativa after scarlatina, of
nephritis suppurativa after eystitis, of multiple brain abscesses,
of erysipelas, of tubercular cattle distemper, and those of
putrefaction.

171b. Methylen-Blue and Acetic Acid.'—To 100 parts of
solution of caustic potash of 1 : 10,000 add 30 parts of satu-
rated alcoholic solution of methylen-blue. Filter. Stain for
one or two hours, wash out with acetic acid of & per cent.,
followed by water. Dehydrate with ahbsolute alcohol, clear
with oil of cedar, and mount in balsam. This is specially
recommended for bacteria of glanders, typhoid fever, and
some others; and it is stated to be also the most universally
successful stain for bacteria in tissues in general.

171c. Gentian-Violet and Vesuvin (Weigert's method 2).—
Take of & 2 per cent. aqueous solution of gentian-violet 12
c.c, and of a saturated aqueous solution of anilin oil 100
c.c. Mix. Stain sections in the usual way. Then stain for
15 minutes in the following solution : Bismarck brown, 1 gr. ;
spiritus vini rectificati (sp. gr. *830), 10 c.c. ; distilled water,

1 <British Med. Journal,” Sept. 6, 1884, p. 486.

# “Practitioner,” xxxiil (1884), p. 85. ‘Journ. Roy. Mic, Sce. (N.S.),
iv (1884), p. 818,
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4l 100 c.e. For tubercle bacilli in seetions of tuberculous growths.

| Klein states that the results are very beauntiful, both with fresh
and with hardened tissues; but the stain is liable to fade.
171d. Fuchsin and Oxalic Acid (Hartzell's method ). —A
cover of sputum having been prepared and fixed by heat in
the usual way is stained for from three to five minutes in
Gradle’s fuchsin solution, washed with water, and decolourised
| by saturated solution of oxalic acid, washed, dried, and
* mounted in glycerin or balsam. The bacilli (of tuberculosis)
are stained of a briiliant red, and no staining of the back-
' ground is necessary,
Grradle’s fuchsin solution is prepared as follows: carbolic
acid 15 minims, distilled water § fluid oz., dissolve, and add
saturated alcoholic solution of fuchsin § fluid dr.

L ¢« Journ. Roy. Mic. Sec.” (N.S.), iv (1884), p. 652.
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CHAPTER XVL

MULTIPLE STAINS—WITH CARMINE AS A NUCLEAR STAIN,

172, Of late years considerable attention has been paid to
the problem of staining the various elements of a preparation
in various colours, in order that by this means the optical
differentiation of the tissues may be enhanced. Some useful
formule have been settled ; but it should be borne in mind
that the usefulness of all, or almost all, multiple stains is
very restricted. For the making of didactic preparations I
believe that most of the formula lately proposed may be very
useful ; for the purpose of discovering new anatomical facts
I believe that most of them are well-nigh useless. It may be
quite true that it may be convenient to be able to show to a
class of students a section of the aorta stained with picric
acid and picro-carmine, and to be able to explain it to them
coneisely by saying, “The red fibres are connective tissue, the
yellow fibres are elastic tissue, and the brown fibres are
smooth musele;” but it is also true that a preparation made
so as to give such results (picric acid, twenty-four hours;
make sections, stain picro-carmine, mount in Farrant’s
medium!) would possess but slight advantages, with very
considerable disadvantages, if it were proposed by means of
1t to investigate the structure of connective tissue, or of
yellow elastic tissue, or of smooth muscle, for the first time ;
or if it were proposed by means of it to make some new
addition to our knowledge of these structures. I know that

! Stirling, in * Journ. of Anat. and Physiol.,” xv (1881), p. 351.
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fin England of late years a great many sections of young rats’
itails and children’s larynges have been polystained in many

fldifferent colour combinations; but I am not aware that any

imew fact of sclentific importance has been brought to light by

gany of these methods. I hold that those cases in which it is

i desirable to employ more than one stain are rarve; and that
of the many formule for multiple staining, very few are
s useful for anatomical discovery.

I distinguish two classes of multiple stains. In the one a
[ pure nuclear stain, taking effect on all the nuclei of all the
itissues of a preparation, is combined with a stain taking

¥ effect on all the ewtra-nuclear parts of all the tisswes. Borax-

carmine followed by indigo-carmine is a typical example of

b such a combination. In the second class a stain taking effect

b on the totality of the elements of any ome tissue exclusively
is combined with a stain or stains of another colour taking
effect on the totality of the elements of the other tissues. In
i this class, nuclear staining is generally neglected, polychroism
being frequently, it would appear, the chief thing aimed at;
in this case the preparations have at most the value of
- diagrams, and frequently have no other use than to be sold
or exchanged. The first class, aiming at enhancing the
| usefulness of a pure nuclear stain by improving the definition
of extra-nuclear parts, has a legitimate scientific end in view,
and is capable of rendering service in research.

178. Picro-Carmine.—Picro-carmine is a double stain, if
care be taken not to wash out the picrin beyond the point
 desived. And it iz one of the best of double stains. See
ante Nos. 64, et seq.

174. Borax-Carmine and Picro-Carmine.—A very beautiful
and precise double stain may be obtained by means of this

"k combination. I add to a watch-glassful of Grenacher’s alco-
holic carmine a few drops of picro-carmine mixed with aleohol
to the strength of the borax-carmine. It is sometimes well
to further dilute the mixture of the two stains with 70 per
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cent, aleohol, and to stain very slowly (twenty-four hours), g !

Wash out with HCl in alcohol as in the case of borax-
carmine alone. Nuclei should appear pure earmine-red,
protoplasm orange, formed tissues generally very pale yellow.
For Appendicularie I find this stain gives better results than
any other. And I found the same with Sagitta.

Prof. Fol informs me that he obtains a similar stain by
washing out borax-carmine objects with HCl-alcohol in which
a little picric acid is dissolved. The HCI is taken weaker in
this case.

174a. Borax-Carmine and Indigo-Carmine (Merkel's me-
thod').—The following is from a paper read by Golding-Bird
before the “Medical Microscopical Society ” in April, 1877

describing the method originated by F. Merkel in Germany §

in 1874, and from another account, Le. xviii, p. 242,

(A) Take half a drachm of carmine, two drachms of borax,
and four ounces of water. Rub up in a mortar, allow the
fluid to stand some time, decant, filter, and keep in a
stoppered bottle.

(B) Take two drachmsindigo-carmine, two drachms borax,

and four ounces water. Mix, decant, filter, and preserve, as §

before.

Before using, mix A and B in equal proportions.

The objects to be stained must be thin; all traces of
chromic acid or chromates must have been carefully washed
out from them; and they must be scaked in alecohol before
staining. Stain for fifteen or twenty minutes. Wash out
with saturated aqueous solution of oxalic acid, for a rather
shorter time; wash the acid out with water, and mount as
desired.

The oxalic acid is necessary for fixing the indigo-carmine,
which being very soluble in water would otherwise be washed
out. Unfortunately,it precipitates carmine, so that successful
preparations are not easily obtained; the carmine being
LEM, M. J.;” xvii (1877), p. 317.
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sk generally either precipitated or turned into a straw colour.

iz

il Marsh (‘Section Cutting,” p. 85) speaks of this process as

| having given him the best results of all double stains tried

U4l by him.

175. Borax-Carmine and Indigo-Carmine (Seiler’s method?!).
L —Stain in Woodward’s borax-carmine (No. 74), wash out in
. HC1 one part, aleohol four parts, until the sections assume a
" bright rose colour (which appears in a few seconds). Wash
" the acid out of the sections, and stain for six to eighteen
. hours in a mixture of two drops of sulphindigotate of soda

“Hidi solution with one ounce of 95 per cent. alcohol. The mixture

should be filtered before using (No. 103).

Nuclei red, formed material slightly tinged with blue.
Connective-tissue fibres deep blue, blood-vessels purplish.
“ Fpithelium and hair take this staining in a very curious
manner, inasmuch as the cells of different ages take different
colours, ranging from a brilliant emerald-green to purple-
violet and olive-green, thus affording a valuable means of
ditferentiation, especially in epitheliomas, where the so-called
pearls are brought out with general distinctness, being of a
different colour from the rest of the cells.”

Permanent. An excellent process.

It is obvious that this method may be modified, in most
cases with advantage, by using Grenacher’s alcoholic borax-
carmine (No. 81) instead of the aqueous solution of Wood-
ward. Heneage Gibbes uses the borax-carmine quoted under
his name, No. 75.

176. Carmine and Anilin-Blue (Duval’s method2).—Stain
with carmine “in the ordinary way;’ dehydrate; and stain
for a few minutes (ten minutes for a section of nerve-centres)
in an alcoholic solution of anilin-blue (ten drops of saturated
solution of anilin-blue soluble in alcohol to ten grammes of

1 ¢Am, Quart. Mie, Journ.,’ i (1879), p. 220, ¢Journ. Roy. Mie, Soc.,’
§i (1879), p. 613.

2 ¢ Précis de technigue wmicroscopique,’ 1878, p. 225.
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absolute alcohol, for sections of nerve-centres), Clear with |
turpentine and mount in balsam. |
The sections should appear of a fine dark violet when ‘
taken from the anilin ; they are extremely transparent under #f ="
the microscope. Nerve-cells and axis-cylinders, reddish @i
violet ; blood-vessels, bluish violet, and so sharply marked f
out that the preparations have the aspect of injections. The
connective elements are stained of a nearly pure blue, so that
i it is easy to distinguish them from the nervous elements. .
Avpplicable to all kinds of tissues, but especially to sections f
of nerve-centres.
177. Picro-Carmine and Iodine-Green (Stirling’s method?).
/ ~BStain picro-carmine, wash in acidulated water (acetic acid),
stain iodine-green. JTodine-green stains very rapidly,and care § |
must be taken not to overstain. Rinse in water, dehydrate § i
rapidly, clear with clove oil, mount in dammar. (All prepara- I
tions stained with iodine-green must be mounted in dammar.) [
Iodine-green has a specific action on adenoid tissue and J ji
mucous glands, which it stains of a bright green. i

Applications.

Fotal cancellous bone.—(Section of head of bone.) All the §,
newly-formed bone is red, but in the centre of each of the
osseous trabeculs the residue of the calcified cartilage on which
bone is deposited is stained green.

Ossifying articular cartilage.—(Vertical section of cartilage oy
and subjacent bone where the epiphysis is united to the shaft,
but where the line of ossification still exists.) The articular
cartilage and the remains of the calcified cartilage trabeculee
on which the new bone is deposited, green.

Posterior part of tongue : mucous and serous glands.—Mucous
glands green, serous glands red, adenoid tissue green.

* Peyer’s Patch.—(Section of small intestine of dog or caf,

1 ¢ Journ. Anat. and Physiol.,” xv (1881), pp. 349, et seq.
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" hardened in a mixture of 2 parts of a kth per cent. solution of

chromic acid and 1 part of methylated spirit, for two weeks,
stain as above.) All adenoid tissue and mucous glands
green, connective tissue bright red, muscularis mucose light
brown.

Solitary glands of large intestine.— Ut supra.

Trachea.—(Section.) Mucous glands and cartilage green,
connective tissue red, trachealis muscle yellowish brown.

Bronchus, same effect.

Skin.—(Preferably from the sole of the foot of a feetus.)
Cuticle and superficial layers of epithelium yellow, rete Mal-
pighii green, ducts of sweat glands green, connective tissue of
cutis vera red.

Cerebellum.—Outer layer of grey matter with cells of Pur-
kinje red, inner or granular layer green.

178. Picro-Carmine, Anilin-Green, and Malachite-Green
(Richardson’s methodl).—Richardson operated by placing
picro-carmine stained sections in “ watery solutions of iodine
and malachite-green dyes in different proportions until they
seemed dark blue in colour.”

When equal parts of the two solutions were taken the
nuclei of cartilage-cells became light purplish grey, the newly-
formed osseous walls of the cancellous tissue being dark
bluish green. The spaces of the cancellous tissue were shown
to be filled with * gorgeously-coloured corpuscles, in ruby and
yellow.” Hairs and hair-follicles were green.

These experiments were made chiefly on sections of a
kitten’s tail. The directions for operating are: When the
sections have become tolerably dark blue in appearance wash
them rapidly in spirit of wine, dehydrate rapidly in absolute
aleohol, and mount in Klein’s dammar.

179. Picro-Carmine and Methyl-Green (Maz Flesch’s
method 2).—Sections of cartilage, skin, and glands made from

1 ¢ Journ. Roy. Mic. See.” (N.8.), 1 (1881), p. 868.
2 ¢Zool, Anz.,” 123 (1882), p. 554.
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tissues hardened in Miiller’s solution and alcohol, were stained
with picro-carmine, and subsequently (not “previously,” as
erroneously stated in ¢ Journ. Roy. Mic. Soc.’ (N.8.),ii (1882),
p. 883) with an aqueous solution of commercial methyl-green
made of such a strength that the sections are just distinguish-
able in a watch-glasstul of the solution when placed on a light

ground.

The method is easy, gives good differentiations, but the

e stain does not appear likely to be permanent. Mount in
halsam.

180. Picro-Carmine and Logwood (Heneage Gibbes’s
method ') —Gibbes found this combination answer better Wi
/ than any other stain for spermatozoa. It is also good for f |»

sections. He recommends that after staining with picro-car- -
mine the sections should be placed for an hour in water acidu- Jy, i
lated with a few drops of acetic or picric acid ; they take the [

second stain better, and do not fade afterwards.
181. Picro-Carmine, Rosein, and Anilin-Blue ; or Picro-
Carmine, Anilin-Violet, and Anilin-Blue; or Piero-Carmine,
Anilin-Violet, and Iodine-Green; or Picro-Carmine, Rosein,
and Iodine-Green (Heneage Gibbes's method?).—Make a dilute
solution of picro-carmine (about 10 drops to a watch-glass of
water), stain in it for about half an hour, wash out for an
hour in water acidulated with a few drops of acetic or picric
» acid, and then double stain either with rosein and anilin blue
(No. 194), or with anilin-violet and anilin-blue (No. 195), or
with anilin-violet and anilin-green (No. 196), or with rosein

| and anilin-green (No. 197).

| H. Gibbes says of these methods that their great utility
L consists in their power of differentiating glandular structures
according to their secretions. In a section of a dog’s tongue
“the ordinary mucous glands will be found to have taken on
a purple colour, while the serous glands which supply the

! ¢ Journ, Roy. Mic. Soc.,’ iii (1880), p 390.
2 L. c., p. 892,
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4% secretions to the taste-organs stain a totally different colour.
Al In an examination I lately made in a case of dysidrosis,” he
Uk continues, “ I was able to stain the duct of the sweat gland

: an entirely different colour from the surrounding tissues, and
= 80 demonstrate its relation to the vesicles.”
182. Picro-Carmine and Eosin (Lang’s formula!).—Take
¢ 50 parts 1 per cent. picro-carmine, 50 parts 2 per cent. eosin
(aqueous solution). The objects, previously hardened in
F aleohol, are left in the mixture half to four days. Wash out
t the picrin by 70 per cent. alcohol, which must be frequently
changed, and be followed by 90 per cent. and absolute
alcohol until no more eosin is dissolved out.

A nueclear stain. It is a doublestain. The function of the
eosin appears to be that by reason of its superior penetra-

~ tion it serves as a vehicle to carry the picro-carmine through

tissues which would otherwise be impermeable to that sub-
¢ stance.
For Turbellaria.

1 ¢ Journ. Roy. Mic. Soc.,” ii, 163, ¢Zool. Anz.,’ ii, p. 45. ¢Mitth. d.
Zool. Stat, zu Neapel,” Bd. ii, p. 1, ef seq.

10
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CHAPTER XVII,
OTHER MULTIPLE STAINS.

183. Methyl-Green and Eosin (Calberle’s formula').—Mix
1 part of eosin with 60 parts of methyl-green, and dissolve
the mixture in warm 30 per cent. alcohol.

Sections stain in this solution in five or ten minutes ; they
should be quickly washed in successive alcohols, and mounted
in balsam or glycerin.

In general nuclei of epithelia stain reddish violet or blue,
nuclei of connective tissue green or greenish blue, the extra-
nuclear parts of cells being rose-red. Striated muscles stain
red, their nuclei green, smooth muscles green, and their inter-
cellular substance red. The cells of ducts of salivary glands
stain blue, the secreting-cells red, and the cells of the sur-
rounding connective tissue green to greenish blue,

184. Eosin and Methyl-Green (Moore’s method 2).—A slide
is prepared with a layer of blood dried on to it, and is then
flooded with the following solution: Eosin 5 grains, water 4
drachms, aleohol 4 drachms (dissolve the eosin in the water
and add the aleohol). After three minutes the stain is
washed off with water, and the slide treated for two minutes
with a solution of 5 grains of methylanilin-green to the ounce

! ¢ Morph. Jahrb.,” iii (1877), 3 Hft., p. 625.
? “The Microscope,” ii (1882), p. 73. “Journ. Roy. Mie. Sgc.’ (N.S.), ii
(1882), p. 714.
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. of water. Wash, dry, mount with balsam. Red corpuscles

red, nuclei and leucocytes bluish green.

185. Eosin and Anilin (Sechiefferdecker’s methods').—Alco-
holic eosin is prepared according to Fischer’s formula (No.
158) (* Arch. Mik. Anat.,” xii, p. 349), and 1 per cent. aqueous
solutions are prepared of dahlia, methyl-violet, and anilin-
green. (It should be noted that anilin-green is not the same
as either methyl-green or emerald-green.) The section is
stained in a watch-glassful of alcohol to which a few drops of
the eosin solution have been added, for from half an hour to
geveral hours, rinsed in water, and transferred to a watch-
glass containing one of the anilin solutions. In afew minutes
it will appear stained almost black. The solution may be
diluted and longer time taken if desired. Or, in order not to
lose sight of a section in the dark fluid, it may be laid on a
strip of blotting-paper which is immersed with it. Now rinse
the section in water and pass it into alcohol. As soon as the
two stains are sufficiently washed out the preparations are
brought into oil of cloves. (If they are now seen to be not
sufficiently washed out they may be returned to the alcohol.)
The oil of cloves must be very completely removed from
the preparations before mounting. Mount in chloroform-
balsam. .

Preparations may be hardened in alcohol or in the eosin
tincture itself. Chromic acid may be used. The anilin-green
stains green, the other two anilins blue; the blue colour
appears principally in nuclei, the red of the eosin in the pro-
toplasm. A very selective stain, most tissues taking on a
special colouration, so matrix of cartilage blue, and the “ cell-
membrane” red ; elastic fibres bright red, connective-tissue
fibres dark rose; bone intense scarlet, blood scarlet. Very
satisfactory for skin, bone, and ecartilage, central nervous
system, glands of the digestive system, liver, trachea, and
larynx, lungs, bladder (of amphibia), testes, prostate, ovary,

1 < Arch, Mik. Anat.,” xv (1878), p. 30.
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uterus, tubi, vaginege, mammse, lymphatic glands. Not useful
for muscle, kidney, or peripheral nervous system, or sense-
organs.

186. Hematoxylic Eosin (Renauf’s formula').—In order
to cure the diffuseness of stain which is the capital defect of
aqueous eosin solutions, Renaut combines eosin with hema-
toxylin.

It had already been proposed (by Wissotsky, of Kazan, in
1876) to double stain with hematoxylin and eosin in suceces-
sion, but this method has many defects. Frequent washings
are necessary, and moreover eosin solutions precipitate
Boehmer’s heematoxylin, throwing down granular or flaky
deposits which obscure the preparations. Renaut, having
remarked that this precipitation does not cceur if the two
solutions are mixed in the presence of neutral glycerin, pro-
ceeds as follows :

Make a mixture of equal volumes of neutral glycerin and
saturated solution of eosin (in aleohol or in water, according
as pure eosin or potassic eosin is employed). Add Boehmer's
hzmatoxylin (No. 94), drop by drop, until the green fluores-
cence of the mixture becomes almost imperceptible. Filter,
and you will obtain a violet-coloured solution of hematoxylic
eosin. .

To be used in the same way as picro-carmine.

Mount in saline glycerin (1 per cent.) or in balsam. (In
the latter case both the aleohol used for dehydrating, and
the oil of cloves used for clearing, should be charged with
eosin),

Osmic and chromic-acid preparations stain selectively, and
with precision, nuclei violet, connective tissue pearl-grey,
elastic fibres and blood-corpuscles deep red, protoplasm and
axis cylinders “ intense light red.”

The stain has a specific action on the cells of salivary and

1 «Comptes Rendus,’ 1879, p. 1039 (Lre sér.).
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b pastric glands. Sections of the salivary glands of Helix
- pomatia, demonstrate the existence of two kinds of gland-cells,
t the one sort staining bright roge, the other (of similar appear-
ance whilst unstained) becoming of an intense blue (mucus-
cells).

Similar reactions are obtained with the salivary glands of
¢ mammalia (and particularly with the sub-maxillaries of Soli-
§ pedes). (Ass: fixin osmic acid of 1 per cent. for twenty-four
| hours, wash in water, harden for twenty-four hours in 90 per
cent. alcohol, make sections.) The mucus-cells become pale
| blue, the salivary ferment-cells (crescent-cells of Gianuzzi)

§i intense rose.

187. Logwood and Iodine-Green (Stirling’s method') —Stain

m i mot too deeply with logwood, and then stain with iodine-green.

(Mucous glands of tongue green, serous glands hematoxylin.)

188. Eosin and Iodine-Green (Stirling’s method?).—Stain
- in alcoholic solution of eosin, wash in acidulated water (acetic
or, hydrochloric acid, 1 per cent.), stain with iodine-green.
(Developing bone and cerebellum.)

189, Eosin and Logwood (Stirling’s method *).—For cere-
brum. (General substance eosin tint, nerve cells lilac.)

190. Rose Bengaleand Iodine-Green ( Griesbach’s method*).—
The method consists in staining very guickly in a strong aque-
ous solution of rose bengale (the section must have been
soaked in water before bringing into the stain), washing out
with water, and staining for a few seconds in iodine-green.
The sections may then be mounted, or may be further treated
with bleu de Lyon. This is done by treating them for five
minutes with absolute alecohol, and staining for two or three
seconds in a solution of bleu de Lyon in 40 per cent. alcohol.
The sections appear not to take the blue stain, but it becomes

1 ¢ Journ. of Anat. and Physiol.,” xv (1881), p. 353.
2 Ibid., p. 354.

3 Ibid., p. 354.

4+ < Zool. Anzeig,’ 135 (1883), p. 172,




150 THE MICROTOMIST'S VADE-MECUM

visible as soon as they are mounted. They are to be dehyd-
rated in absolute alechol, cleared in oil of anise-seed of 0-99
sp. gr., and 1-811 refractive index, and mounted in dammar.
The method gives in some cases very striking differentiations,
but the results are by no means constant, and do not admit of
being generalised.

191, Gold Chloride and Anilin (for growing bone) (Stirling’s
method").—Twil of young rat.—Remove the skin, divide into
small pieces, which treat as follows : lemon juice, five minutes
wash water ; gold chloride, 1 per cent., an hour or an hour and
a half ; wash ; formic acid 25 per cent., twenty-four hours (in
the dark). Decalcify with chromic and nitric acid. Keep in
alcohol, Sections stained with (e.g.) alcoholic solution of
rosein, followed by aqueous solution of iodine-green. Mount
in dammar.

192. Gold Chloride and Saffranin (Pfitzner’s method?).—
Gold chloride 1 per cent., with a trace of HCI, fifteen to thirty
minutes, in the dark; wash; reduce in daylicht (twelve to
twenty-four hours) in 5 per cent. formic acid; wash; and
stain with saffranin. Mount in dammar. For epidermis of
tadpoles,

193. Atlas Scarlet and Anilin-Blue (Richardson’s method®).
—=Stain in a “deeply tinted watery solution of atlas scarlet,
made by adding drop by drop to filtered water a very deeply
coloured solution of the scarlet in Price’s glycerin. To the
watery solution a few drops of aleohol may beadded. Examine
the sections from time to time, say every third day,” until they
are found to be stained of a deep scarlet tint. Wash in
methylated spirit, Stain for from fifteen to twenty minutes
in a “blue watery solution, made by adding a drop or two of
a deep-coloured solution of soluble blue in glycerin to filtered

1 ¢ Journ. of Anat. and Physiol.,” xv (1881), p. 854.

2 ¢ Morph. Jahrb.,” vii (1882), p. 781. “Journ. Roy. Mic. Soc.’ N.S.), ii
(1882), p. 883.
3 < Journ. Roy. Mie. Soc.” (N.8.), 1 (1881), p. 573.
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:':lf'i-b:water.” (If the blue fluid shows signs of fading after the

gections have been in it for a few minutes, add a drop or two

b of glacial acetic acid; or the acid may be added to the blue

tg f fluid before bringing the sections into it.) Wash in methy-

It iy

i lated spirit and dehydrate in absolute alcohol. Clear with
& clove oil and mount in dammar.

For spinal cord: cells blue or bluish grey, with darker
r nuclei, axis ¢ylinders of the same dark tint, white substance

il of Schwann scarlet.

The author does not recommend the process for tissues in

k general, merely stating that it is “capable of producing
& excellent didactic results.”

194. Rosein and Anilin-Blue (Heneage Gibbes's method').—
Stain in a dilute solution of rosein in alcohol. Wash in

i methylated spirit. Bring the sections into dilute aqueous

solution of anilin-blue: ‘““the spirit causes the section to
spread itself out and float on the watery solution, and it may
be seen taking on the new colour.”” Wash in water, and bring
| into spirit, when, generally, more of the first colour will come
out. When quite clean, mount in the usual way.

H. Gibbes says “this is a very good process for double
staining, and if the section is of the same thickness through-
out the staining will be perfectly even, and each colour will
have picked out those tissues for which it has a special
affinity.”

195. Anilin-Violet and Anilin-Blue (Heneage Gibbes’s
method 2).—Make an alcoholic solution of the violet, and an
aqueous solution of the blue, and stain first with the violet
and then with the blue, as directed for rosein and anilin-blue,
supra, No. 194.

196. Anilin-Violet and Iodine-Green (Heneage Gibbes’s
method *).—Make an alcoholic solution of the violet, and an
aqueous solution of the green, and stain first with the violet

1 ¢ Journ. Roy. Mic. Soc.,” iii (1880), p. 891.
i c. AR,
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and then with the green, as directed for rosein and anilin-blue,
supra, No. 194. "
197. Rosein and Todine-Green (Heneage Gibbes's method ). — M |
Malke an alcoholic solution of the rosein, and an aqueous solu- !
tion of iodine-green, and stain first with the rosein, and then @§ !
with the iodine-green, as directed for rosein and anilin-blue,
supra, No. 194,
198. Gold-Chloride and Anilin (Heneage Gibbes's method?).— |
Stain with chloride of gold in the usual manner, and then with §
one of the four double stains just described.
199. Anilin Double-Stains for Blood (V. Harris’s experi-
ments¥).—A lengthy series of experiments on combinations fy
/ of anmiling. T shall ahstract them as briefly as possible, §
because they do not appear likely to be of much use in general §
histology. Only one tissue—blood—was experimented on;
and the conditions under which the dyes were employed were
such as can in nowise be employed in general histological
research. Layers of blood were dried, treated with aqueous i [
or dilute solution of one of the dyes, washed with water, dried ff
in the flame of a spirit-lamp, treated with aqueous or dilute
solution of the second dye, washed with water, dried, and
mounted in Canada balsam.
Eosin and aurin.—Unsuccessful, the solution of aurin
having to be made with absolute alcohol, and entirely driving
- out the eosin.

Fuchsin and anilin-primrose—Nuclei, yellowish crimson,
remainder of the coloured corpuscles light yellow. Not a
Y good combination.

Rosewn and iodine-green.—Coloured corpuscles bright red, |
with bluish-green nuclei. An excellent combination.

Fuchsin and methylen-blue.—Coloured corpuscles pink, or
green with a pink edge, nuclei deep blue. One of the most
successful combinations.

L Lic. AL,
§ ¢ Quart. Journ. Mie. Sei.” (N.S.), xc (1883), p. 292.
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Fuchsin and soluble blue.—Stroma light blue, nuclei red.
As good a combination as the last.

Fosin and methyl-violet.—Unsuccessful ; did not give a
double-stain.

Fuchsin and Bismarck brown.—Stroma a fine brown, nuelei
red.

Hosin and vesuvin.—Stroma light brown, nuclei deep pink.
A very suceessful combination.

Todine-green and Bismarck brown.—Stroma brown, nuclei
green,

Todine-green and flamingo.—Stroma pink, nuclei deep bluish
green.

Malachite-green and ponceaw.—Stroma pink, nuclei green.
(The green not permanent.)

Malachite-green and fluorescin.—Stroma yellow, nuclei
yellowish green. (The green notl permanent.)

Malachite-green and aurin.—Entirely unsuscesstul.

Todine-green and anilin-primrose.—Stroma yellow, nuclei
green.

Todine-green and blew de Lyon.—Quite unsuccessful.

Mulachite-green and methyl-violet.— Stroma pinkish yellow,
nuclei light purple. Not good.

Hoffman's violet and Bismarck brown.—Stroma light brown,
nuclei reddish brown. An excellent combination.

Hoffman’s wviolet and flamingo.—Nuclei and stroma two
shades of mauve.

Gentian-violet and anilin-searlet—Unsuccessful.

Gentian-viclet and eosin.—Stroma light pink, nuclei deep
red.

Hoffman's violet and tropeolin.— Entirely failed.

Gentian-violet and anilin-primrose.—Stained two shades of
green.

Methyl-violet and methylen-blue.—Stroma pink, nuclei blue.
One of the best combinations.

The only entirely successful combinations were :—rosein -+
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anilin-green ; fuchsin + methylen-blue ; fuchsin + Bismarck
brown; eosin 4+ vesuvin ; iodine-green -+ Bismarck brown;
Hoffman’s violet + Bismarck brown ; anilin-violet + methy-
len-blue.

Harris thinks he has proved that neither iodine-green nor
malachite-green are permanent. He remarked that in all
cases it was necessary that the solutions should be quite fresh.
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CHAPTER XVIIL
HARDENING AGENTS,

900. If this chapter had been written ten years ago, it
would have had a far greater importance than can now be
claimed for it, and I should have considered it necessary to
treat it with far greater detail than now seems desirable,
The reason of this is that methods of imbedding have now
been brought to such a degree of perfection that the thorough
hardening of soft tissues that was formerly necessary in order
to cut thin sections from them is now, in the majority of cases,
no longer necessary ; by careful infiltration with paraffin or
gome other good infiltration mass, most soft objects can be
satisfactorily cut with no greater an amount of previous
hardening than is furnished by the usual passing of the
tissues after fixing through successive alcohols in order to
prepare them for the paraffin-bath. Almost the only excep-
tions to this statement are, I believe, to be found in the cases
in which it is desired to cut very large sections, such as sec-
tions of the entire human brain. Suchan organ as this cannot
be duly infiltrated with alcohol in a few hours, and it is
doubtful whether it can be duly infiltrated with paraffin or any
other imbedding mass in any reasonable time. The processes
employed for hardening such specimens as these will be
described when treating of the organs in question ; in this
chapter I confine myself to such general statements concern-
ing the employment of the usual hardening agents as appear
likely to be generally useful.
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Hardening agents may conveniently be divided, from a prae-
tical point of view, into two groups, according to the nature of
the modifications they produce in tissues. Those of the first
group, which consists of aleohol, nitric acid, and pieric acid,
appear to act mainly by coagulating the albumen of the
tissues, without in any way entering into chemical combina-
tion with their components; this group possesses the great
advantage of in nowise interfering with subsequent staining

1 (nitric acid and picric acid being readily removed from tha
tissues by means of alcohol). The second group consists of
osmic acid, of chromic acid and its salts, and of palladium

/ chloride. These appear in some way to chemically combine

/ with some of the components of the tissues, or to produce in- ##"
organic precipitates in their substance (Mayer). These com- #="
hinations or precipitates cannot be totally removed from the
tissues by washing, or by any method except bleaching by
chlorine (which causes the tissues to become as soft and
yielding as they were before hardening). This group is there-
fore unfavorable to subsequent staining. The hardness im- § %+
parted by the reagents of this group is much more favorable §
for cutting than that produced by those of the first group.
Corrosive sublimate appears to belong to this group on g
account of the nature of the reaction, but it does not interfere il
with subsequent staining, and sometimes even forwards it.

i 901. Alcohol.—Alcohol should always be taken strong, i.e. |&"

> not less than 95 per cent. ; absolute alcohol is sometimes neces- M

; sary. Large quantities of alcohol should be taken. The §

4 aleohol should be frequently changed, or the tissue should be f ¥
suspended near the top of the aleohol, in order to have the il
tissue constantly surrounded with pure spirit (the water and J &8
colloid matters extracted from the tissue falling to the bottom I
of the vessel). Many weeks may be necessary for hardening § il
large specimens.

202. Nitric Acid—Nitric acid is taken of a strength of [
from 8 per cent. to 10 per cent. or more, and may he allowed
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" to act for two or three weeks. It gives, thus employed

(10 per cent. to 12 per cent.), very tough preparations of

~ brain. It is also conveniently used by employing a very short

immersion and completing the hardening with alecohol,in which
case it is properly considered as a fixing agent. See the infor-
mation given under this head, No. 28.

203. Picric Acid.—Picric acid should always be used in
gaturated solution, and very large quantities should be taken.
The reaction need not be prolonged more than a few hours.
In any case, the degree of hardness obtained by the use of
picric acid alone is so small that this reagent is more pro-
perly considered to be merely a fixing agent. The hardening
18, however, quite sufficient to afford sections of most objects
after dehydrating and imbedding in an infiltration mass.

204. Corrosive Sublimate.—Sufficient directions for the em-
ployment of this reagent are given in the chapter on Fixing
AarnTs, No. 29,

205. Osmic Acid.—Osmic acid is much more useful asa
fixing agent than as a hardening agent. Tong immersion in
osmic acid is sure to cause blackening, and may cause hrittle-
ness in the tissues. The strengths employed for hardening
vary from 1th per cent. to 1 per cent. and the tissues are left
in the solutions for twelve to twenty-four hours, seldom more.
See the further information as to the employment of this re-
agent given in the Chapter on Fixine Acrnts, No. 12.

208. Chromic Acid.—Chromic acid is generally employed in
strengths of 1th per cent. to 1 per cent., the immersion lasting
a few days or a few weeks, according to the size and nature of
the object. Mucous membrane, for instance, will harden
satisfactorily in a few days, brain will require some six weeks.

Large quantities of the solution must be taken (at least 200
grammes for a piece of tissue of 1 centimetre cube, Ranvier).
The solution should be taken wealk at first, and the strength
increased after a time. The objects should be removed from
the solution as soon as they have acquired the desired con-
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sistency, as if left too long they will become brittle. They
may be preserved till wanted in alcohol (95 per cent.). Tt is
well to wash them out in water for twenty-four or forty-eight
hours before putting them into the aleohol. I think it is
frequently useful to add a little glycerin to the hardening
solution, there is less brittleness, and I think less shrinkage.

Further directions for the employment of chromic acid will
be given in the special paragraphs. Chromic acid is a most
powerful and rapid hardening agent; it has the defect of a
great tendency tes wuse brittleness. b
207. Chromic and Osmic Acid (for auditory organs) (Max §"""

/ Flesch's formula®) :

¢ ’ Osmium ; ? . . 0'10 parts.
Chromic acid . d oot WD
Distilled water . ; 100:00

22
Specimens are to be placed fresh in this mixture, and may

be left there from twenty-four to thirty-six hours, without rigk
of the osmic acid overstaining them. To complete the decal-
cification, { to 4 per cent. chromic acid is then employed (for
small specimens, temporal bone of young mouse, for instance,
this is not necessary). Dehydration in aleohol then follows.
The organs may then be at once cut and mounted in glycerin,
or they may bass through absolute alcohol, turpentine, and
solution of paraffin in turpentine, into an imbedding mass of
paraffin and tallow, then be cut, cleared with turpentine, and
mounted in balsam.

The cilia of the hair-cells are mostly lost by this process,
but the varicose nerve-fibrils of the organ of Corti are well J il
preserved. The mixture causes greater shrinking than
osmium alone. The author recommends it for preparations :
of growing epiphyses, for glands, retina, conjunetiva, cornea, i
eyelids. i

208. Chromic Acid and Platinum Chloride (Merkel’s solu-

' ¢ Arch. Mik. Anat.” xvi (1878), p. 300.
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tion1).—Equal parts of 1400 solution of platinum chloride,
and 1'400 solution of chromic acid. ¢ Prof. Merkel states
that he allowed from three to four days for the action of the
fluid ”” for the retina ; for annelids Eisig employs an immer-
gion of three to five hours, and transfers to 70 per cent.
alcohol ; for small leeches Whitman finds “ one hour sufficient
and transfers to 50 per cent. alcohol.”

209. Bichromate of Ammonia. 2 to 5 per cent. Several

- weeks will be necessary in most cases. This and the other
. echromic salts take five or ten times as ... , as chromic acid

%]

. to do their work, but the hardening is more perfect, the pre-

parations never becoming brittle. The ammonium salt has
come of late to be generally preferred to the potassium salt.

210. Bichromate of Potash.—Same strength as bichromate
of ammonia.

211, Chromate of Ammonia. 5 per cent. For twenty-four
hours (intestine, Klein).

212. Miiller's Solution.

Bichromate of potash . 2—21 parts.
Sulphate of soda § ’ Do e
Water . . : : 100

1

The duration of the reaction is about the same as with the
simple solutions of chromic salts. - add (& ‘fg W#’ﬁa—*—q

213. Potassium Bichromate and Cupric Sulphate.—A
variation of Miiller’s solution ; instead of 1 per cent. sulphate
of soda you take-} per cent. sulphate of copper. The
hardening properties are superior to those of Miller’s
solution. This formula is, I believe, now very generally
employed in Germany. I do not know by whom it was
suggested.

914. Chromic Acid and Alcohol.—Chromic acid of the
strength given above diluted with half its volume of 95 per
cent. aleohol. (Solutions of chromic acid should always be

1 Merkel, ¢ Ueber die macula lutea, &c.,” 1870, p. 19. € Journ. Roy. Mic.
Soc. (N.S.), i (1882), p. 871.
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taken for mixture with aleohol, as if chromic acid be dissolved
directly in alcohol a very violent reaction takes place.)
. 215. Palladium Chloride (F. E. Schulze’s method ') .—Single
palladiam chloride (Pd Cl) may be prepared by dissolving
palladium-ore in hydrochloric acid containing a certain quan-
tity of mitric acid, and evaporating to dryness. To dissolve
the chloride water acidulated with HCl must be employed ;
to dissolve the chloride of commerce take for 10 grammes of
the chloride 1 litre of waterand 4 to 6 drops HCl. The solu-
tion will be complete in twenty-four hours. Such a solution
may be conveniently kept in stock and diluted as required for
use. The 1-100 solution should be darl red-brown, a 1:800
solution pale yellow, like a 0'2 per cent. chromic-acid solution.

The free acid of the solution iy necessary to the reaction it
ig intended to produce in the tissues.

To harden tissues containing much connective tissue, as,
for example, the ciliary body, a 1'800 solution should be
taken. A piece of the tissue of the size of a bean may be
placed in 80 c.c. of the solution, care being taken to remove
all structures that would be an obstacle to the penetration of
the chloride, which, for many tissues, has far less penetrating
power than chromic acid. This is particularly the case with
structures that are poor in connective tissue, as certain nerves,
brain, and spinal cord, and deeply-stratified epithelia, such as
human epidermis. Very small pieces, therefore, of such
tissues must be employed ; of nerves such may be chosen as
are rich in connective tissue, as the anterior part of the .
opticus, for the solution has great penetrating power in regard
to all connective tissue.

Hardening is generally complete at the normal temperature
in two or three days, but the specimens may remain in the
solution for weeks or months without hurt. The consistency
of the hardened tissues is far more favorable for cutting
than that obtained by chromic acid or Miiller’s solution,
' ¢ Arch. Mik. Anat., iii (1867), p. 477.
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i whilst the fine details of structure are equally well preserved.
Certain of the tissue elements are found to be stained yellow,
brown, or black, whilst others remain colourless. Protoplasm
in general appears dark yellow, striated muscle brownish
yellow, smooth muscle straw yellow, medullated nerve ink-
black. Hyaline membranes and elastic fibres remain trans-

. parent and are ounly very slightly tinted with yellow. The

gelatin-yielding interstitial substance of conmective tissue
i remains perfectly colourless, so that muscle fibres and cells
can be at once distinguished from their connective-tissue

% carmine and other stains, whilst the structures coloured by

I matrix ; further, this unstained matrix will stain deeply with

LW the chloride refuse to stain in the least. Sections must be
i well freed from the chloride before mounting in glycerin or

i they will blacken with time.

11
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CHAPTER XIX.

THEORY OF IMBEDDING, WITH A WORD ON MICROTOMES.

216. Tmbedding methods may conveniently be divided into
. two classes, distinguished by the end it is intended to compass
by their employment. In the one it is merely proposed so to
surround an object, too small or too delicate to be firmly held
by the fingers or by any instrument, with some plastic sub-
stance that will support it on all sides with firmmess but
without injurious pressure, so that by cutting sections through § i
the composite body thus formed, the included object may be flil
cut into sufficiently thin slices without distortion. Thig is f§uk!
simple imbedding. Tts object is very easily attained in a §1
variety of ways of which the simple process of immersing the
object to be cut in a molten mass of some such material as
wax, which when cold acquires a fit consistency for the cutting
of thin slices, may be taken as a type. A further object is
proposed in the case of the other class of methods, which
may be designated methods of interstitial imbedding or infil-
tration methods. In these it is proposed to fill out with the
imbedding mass the natural cavities of the object in order
that their lining membranes or other structures contained in
them may be duly cut in sifw, or, going a step further, it is
proposed to surround with the supporting mass not only each The
individual organ or part of any organ that may be present it
in the interior of the object, but each separate cell or other [ Lt
anatomical element, thus giving to the tissues a consistency i
they could not otherwise possess, and ensuring that in the
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thin slices cut from the mass all the details of structure will

- precisely retain their natural relations of position. Such a
| process of imbedding is at the same time practically a process

of hardening in so far as it enables us to give to tissues a
degree of firmness that could otherwise only be obtained by

i the employment of chemical processes such as prolonged
i treatment with chromic acid and the like,

The principle of the methods of this second class is either,

| like that of the first, that by immersion of the object to be

cut in some material that is liquid while warm ‘and solid

- when cold, all the parts of the object may be duly surrounded
| by the supporting mass (the second class differing from the
¢ first chiefly in the employment of materials possessing greater
| power of penetration whilst liquid, in longer immersion in the
| liquid mass, and in such previous preparation of the object,
| by soaking in some liquid that is a solvent of the imbedding
| material, as makes it more readily susceptible of infiltration
| by the latter) ; or the processes may be hased on another prin-
. ciple, namely that of the employment of substances which
- whilst in solution are sufficiently fluid to penetrate the object

to be imbedded, whilst at the same time after the evaporation
or removal by other means of their solvent, they acquire and

g4 impart to the imbedded object sufficient firmness for the pur-

pose of cutting. The collodion process sufficiently exemplifies

* this principle. Tf a piece of soft tissue be dehydrated, and

soaked first in ether and then in collodion, and if the ether
contained in the collodion be allowed slowly to evaporate, the
tissue and surrounding mass of collodion will acquire a con-
gigtency such as to admit of thin sections being cut from
them. '

The egg-emulsion process, in which a mass that is liquid
whilst cold is coagulated by heat, forms a class by itself.

In any of these cases the material used for imbedding is
technically termed an “imbedding-mass.”  (Hinbettungs-
masse i—masse dinclusion. Imbedding methods are spoken
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of by French writers as méthodes d'inclusion, or méthodes
d'enrobage).

217, Before setting out the formule for the different im-
bedding masses that have been recommended, it is necessary
to say a few words as to the details of manipulation in the
process of imbedding.

To imbed an object in such a substance as liver or spinal
cord (which does not strictly come under the category of an
imbedding mass at all, as defined above) nothing more is neces-
sary than to take a piece of fresh liver or cord of convenient
dimensions, scoop-out in it a hole of the size of the object to
be imbedded, place the object in the hole, and immerse the
mass in alcohol until such time as the mass is sufficiently
shrunken and hardened to hold the object firmly and permit
of section cutting,

1t pith be employed, a cylinder of pith is halved longitu-
dinally, a cavity corresponding to the object to be imbedded
is made by scooping out the inner face of either half-cylinder,
the object placed in position between these, and the cylinder
pushed into the well of a microtome (which it should fit accu-
rately), and moistened with alcohol (or other suitable liquid)
in order that the pith may swell round the object. It should
be noted that it 4s better to make the cavity in the pith by simple
pressure and kneading (e.g. with the handle of a scalpel) than
by excavation of material ; the pith-cells that have been flat-
tened and pushed to one side by the kneading, tend to regain
their normal form and position during the soaking in aleohol,
and their resilience causes the imbedded object to be grasped
with an often surprising tightness. If the cylinder of pith
does not fit the holder of the microtome accurately in the dry
state (which it should do if possible) it should be wedged in
by means of strips or thin wedges of kneaded pith inserted
dry, and the whole afterwards soaked. With well-hardened
objects this method, if skilfully carried out, allows of very ac-
curate section cutting.
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218. Simple imbedding in a melted mass such as paraffin
© is performed in one of the following ways. A little tray or
| box or thimble is made out of paper, some melted mass ig

- poured into it, at the moment when the mass has cooled so
- far as to have a consistency that will not allow the object to

f sink to the bottom, the object is placed on its surface, and
‘& more melted mass poured on until the object is enclosed. Or
- the paper tray being placed on cork, the object may be fixed

ok in position in it whilst empty by means of pins and the tray

‘4 filled with melted mass at one pour. The pins are removed
"I when the mass is cold.
In either case when the mass is cold, the paper is removed
I} from it before cutting.
For small objects it is often convenient to employ, instead
i of paper trays, small square porcelain moulds (such as
. moist water-colours are sold in). The mass when cold is
"4 scooped out of the mould with a spatula.
“In Professor Leuckart's labora-
"§ tory are used boxes made of two pieces
of type-metal. Each of these pieces |
! § has the form of a carpenter’s * square ” . ey
with the end of the shorter arm tri- 5 . ///
‘& angularly enlarged outwards, The
box is constructed by placing the two
| pieces together on a plate of glass
" which has been wetted with glycerin
. and gently warmed. The area of the
[ box will evidently vary according to
[ the position given to the pieces, but |
 the height can be varied only by using | .
. different sets of pieces. In such a
[ box the paraffin may be kept in a
| liquid state by warming now and
“k then over a spirit-lamp, and small

L
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objects be placed in any desired position under the micro-
scope.”’1

In the case of the employment of a cylinder-microtome
(Ranvier’s, Rutherford’s) it has been recommended that the
object be simply placed in the well of the microtome and im-
bedded by pouring melted mass on to it, holding it in position
meanwhile if need be by means of forceps. This is the sim-
plest of all methods, and may be used in cases in which accu-
racy is not desired. But it is impossible to ensure exact
results by this means. It will be found that unless special
precautions are taken the molten mass will shrink away from
the sides of the well on cooling and the cast will lie more or
less loosely in the well. Then when sections are made it will
frequently be found that the cast has a tendency to turn
round, and a tendency to rise in the tube, and further progress
will be impossible until the object is re-imbedded.

Shrinking of the mass away from the well may be more or
less prevented by using masses of a certain composition (e.g.
paraffin and tallow, No. 229), and by having the well made
removeable, so that it may be warmed before the mass is
poured into it to the same temperature as the mass itself, so
that it may contract together with the mass on cooling ; but
then it will frequently be found that the mass clings so
tightly to the sides of the tube as to put great strain on
the micrometric serew, and submits to be pressed by the
action of the screw instead of being duly raised en masse by
it. Accurate section cutting under such conditions is impos-
sible.

In the use of such a microtome, then, it is always advisable
to imbed the object separately by one of the methods given
above, and then either to cement it by means of a drop of
paraffin, collodion, gum, or other suitable substance, to a cork
or cylinder of pith that has previously been accurately

1 < Journ. Roy. Mie. Soc.” (N.8.), ii, p. 880.

{irg
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adjusted to the bore of the well; or to pack the cast in the
well by means of wedges of kneaded pith in the way
explained above.

In the use of a microtome in which the object is held in

[ jaws, as in the Rivet-Leyser or Thoma form, the object is
i imbedded in a cast of suitable shape by one of the above
. methods, and the cast is inserted directly into the jaws, or
. cemented to a piece of cork which is held by them.

219. Instructions for the preparation of objects, cutting,
and further treatment of sections are given in the sections
devoted to each mass. A word may, however, here be said as
to a somewhat important detail of procedure, viz. the freeing
of the sections from the imbedding-mass. In the case of im-
bedding by infiltration the mass must be removed from the
tissues by means of an appropriate solvent, unless it be of
such a nature as to become sufficiently transparent in the
medium employed for mounting ; and in the case of simple
imbedding the same practice is very generally adopted. In
this case, however, it is frequently better to prepare the
object before imbedding it by covering it with a film of some
substance that prevents the immediate contact of the imbed-
ding-mass with the object and can itself be easily removed ;
for instance, if a tissue has been hardened in chromic acid
and is to be imbedded in wax and oil, it should (after soaking
in alcohol and wiping dry at the surface with blotting-paper)
be rolled for a moment in gum-arabic solution, dried for
a few seconds, and then imbedded. The sections when cut
are floated into water which dissolves the layer of gum, and
the sections are obtained free from the wax without any
trouble. Or collodion may be used instead of gum; it will
dissolve out naturally in the oil of cloves used for clearing, and
the cast of wax fall away from the sections.

220. The following general statements may perhaps serve
to guide the student in the choice of an imbedding-mass for
any particular purpose.
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Paraffin (No. 231) used pure, as an interstitial mass, allows
of the cutting of the thinnest sections.

Collodion (made with celloidin) does not afford sections
quite so thin as those that can be obtained by means of
paraffin; the collodion method is the least hurtful of all
methods to delicate tissues ; itis the surest and the easiest to
carry out of all methods of interstitial imbedding.

Wax and oil is a trustworthy and very convenient simple
imbedding-mass,

221. Section-Stretching.—The media with which the knife
used for section-cutting should be moistened are indicated for
each mass. Some masses are now generally cut dry, paraffin,
for instance. By this means thinner sections are obtained, but
a difficulty generally arises owing to the tendency of sections
80 cut to curl-up on the blade of the knife. It is often im-
possible by any means to unroll a thin section that has curled.
To obviate this, during the cutting the edge of the section
that begins to eurl is caught and held down on the blade of
the knife by means of a small camel-hair brush with a flat
point, or with a small spatula made by running a piece of
paper on to the back of a scalpel, or by means of an ingenious
little instrument called a “ section-stretcher.” This consists
essentially of a little metallic roller suspended over the object
to be cut in such a way as to rest on its free surface with a
pressure that can be delicately regulated so as to he sufficient
to keep the section flat without in any way hindering the
knife from gliding beneath it.!

Vaselin added to paraffin gives a mass that reduces the ten-
dency to curl on the part of the sections. A curled section
may sometimes be caused to unroll by putting it into aleohol
or by gently warming it. A delicate sawing movement given

to the section-knife will sometimes suffice to prevent curling.

I have sometimes found it convenient, instead of holding the

! Bee the descriptions of various forms in ¢ Zool. Anzeig,’ vol. vi (1883),
p. 100; and in ¢ Journ. Roy. Mic. Soe. (N.8.), vol. iii, pp. 450 and 916.
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k section down by the edge that begins to curl, to run under it
{ (i.e. between the edge of the section and the blade of the
| knife) a tiny drop of alecohol. The capillary attraction of the
i fluid is sometimes sufficient to hold the section down to the
knife. As to melting-points of paraffin, see below, 223.
222. It may here be noted that objects imbedded by infil-

il tration with paraffin may be preserved indefinitely in the dry

¢ state till required for cutting, the paraffin constituting a
i sufficient preservative medium, and it is not necessary to keep

- the blocks in alcohol. Objects imbedded in collodion (or cel-
[ loidin) may be kept #ill wanted in spirit (36°).

222 a. A Word on Microtomes.—TIt is no part of the pur-

- pose of this work to disecuss instruments, yet a word on this

subject may be very helpful to the student, The freezing
microtome so generally employed in England is less than any
other form adapted to the wants of the zcologist. Very thin

4 sections can be obtained by it more readily than with any

other microtome, but they are of little use when obtained.
The relations of the parts of the organs are deranged by the
freezing and by the thawing, and the aqueous nature of the
process prevents it from being readily applicable to the
mounting of series of sections. The microtome of the zoologist,
therefore (I am not writing for pathologists or for dilettanti),
must be an imbedding microtome. The two most important
points to be attended to in the choice of such a microtome are
the object-holder and the FEnife motion. The object-holder
should mever, as is usual in the English forms, be a well in
which the imbedded object is raised by a screw; the principle
of construction should always be that the object-holder be
raised in its entirety by the serew, not the object alone. The
Fmife motion should always be mechanical ; cutting of sections
with a free knife held in the hand is a primitive process, by
which only coarse sections can be obtained, and that at the
expense of much time and attention. Remember that the
mean thickness to which sections are now cut is op, half a
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hundredth of a millimetre, or less than z;;th of an inch.
Clearly the free hand is not capable of producing regular
series of sections of such a degree of fineness. The student
should therefore be careful to provide himself with an instru-
ment in which the knife is guided by a mechanism giving
the required precision of stroke. Cylinder-microtomes with
free knife motion should be unhesitatingly condemned by
him,

Amongst microfomes fulfilling the conditions I have laid
down various forms will be found almost equally convenient.
Zigiss makes a good one, Schanz of Leipzig makes a good one,
Reichert of Vienna makes a good one. All these are rela-
tively cheap, and being at the same time perfectly efficient
may be recommended ; but I must say that to my mind the
finest instrument of all is the Thoma sliding-microtome. If
the student will obtain from R. Jung, Mechaniker in Heidel-
berg, a Thoma microtome, medium size (No. 2a or 4), with
the newest Naples object-holder and newest form of knife
and knife-holder, he will, in my opinion, be possessed of the
nec plus wlira of microtomes.

This instrument is described in ‘Journ. Roy. Mic. Soc.’
(N.8.), vol. iii, p. 298; the new Naples object-holder (which
I consider essential for the zoologist), is described and figured
p. 915.

223. Paraffin-Imbedding.—Success in paraffin-imbedding
depends in great measure on the choice of a suitable paraffin,
It is recommended by Gaule to employ a bluish-transparent
sort, which rings slightly when struck. Paraffin should be
chosen of a melting point suilable to the temperature of the
laboratory. Bourne recommends® 100° or 115° Kossman?
finds that for a temperature of 18° C. a paraffin of 48° C.
melting point should be used, whilst “ on hot summer days”
the hardest kinds of paraffin must be used pure. He recom-

1 <Quars, Journ. Mie, Sei.,” Ixxxvii (1882), p. 335.
2« Zool. Auz.,’ 129 (1883), p. 20.
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. mends that two kinds of paraffin, viz. of 56° and 86° melting
‘w§ point, should be kept in stock ; intermediate sorts can be made
| by the melting together of these.

Ohloroform appears to be in general the best solvent for
preparing objects for the paraffin-bath. Bourne notes that
“the paraffin must be melted in a small covered vessel in a
water-oven, great care bewng taken to keep it in a dry atmo-
sphere. The objects should be kept in the bath of melted
paraffin for some howrs before imbedding in the paper trays
or otherwise.” Bourne here evidently has large objects in
view. Sufficiently small ones may be infiltrated in a few
minutes.

In order to transfer the objects from the chloroform-bath
to the paraffin-bath, choice may be made of two methods;
either, as in Giesbrecht’s method, the chloroform containing
the objects is heated to the melting point of the paraffin, and
the paraffin gradually added, and the mass kept at the
melting point of the pure paraffin until all the chloroform is
driven off; or, as in Biitschli’s method, the objects are simply
passed direct from chloroform  into a solution of paraffin in
chloroform, in which they remain until thoroughly impreg-
nated (half to one hour),and which is then evaporated at the
melting point of the paraffin. Biitschli recommends a paraffin
golution melting at 35°% (Such a solution is made of
about equal parts of chloroform and paraffin of 50° melting
point.) Or, in the case of larger objects, instead of evapo-
rating the chloroform (which is often a very long process, as
the chloroform must be completely driven off, or the mass
will remain too soft for cutting), Biitschli simply transfers
them from the bath of paraffin solution to a bath of pure
paraffin,

At Naples objects are prepared for the paraffin-bath, either
in kreasote, oil of cloves, or chloroform. Theyare brought
from this fluid into a bath of soft paraffin, heated to about
50° and kept there for one hour. They are then brought for
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half an hour into a bath of a mixture of hard and soft
paraffin, kept also at about 50° C. (A mixture of 2 parts
hard paraffin to 1 of soft is found to work well for the winter
temperature of the laboratory at Naples,) They are then
imbedded in paper trays, or in the type-metal boxes described
above.

224. Kingsley’s Imbedding Method.'—For small objects
the following procedure may be found useful. The object is
removed from the paraffin solution, the superfluous fluid is
removed by means of blotting-paper, and the object placed
on a cylinder of paraffin (or paraffin and vaselin). A piece
of stout iron wire is now heated in the flame of a spirit-lamp,
and with it a hole is melted in the end of the cylinder, the
specimen is pushed into the melted paraffin and placed in any
desired position. The adyantages of the method lie in the
quickness with which it can be performed, and in the fact
that by the melting of so small a quantity of paraffin all
risk of injury to the tissues by overheating is done away
with.

This method may also be used for simple imbedding in the
case of solid objects without cavities or irregular outline.
They are transferred direct from alcohol .to the paraffin-
cylinder, and when sections are cut they readily separate
from the shaving of paraffin without the application of
turpentine.

225. Solvents of Paraffin.—The following solvents have
been recommended for freeing sections from the paraffin
with which they are infiltrated. Turpentine, warm turpen-
tine, a mixture of 4 parts of essence of turpentine with 1 of
kreasote, kreasote, a mixture of turpentine and oil of cloves,
benzin, xylol, thin solution of Canada balsam in xylol (only
applicable to very thin sections), hot ahsolute alcohol,
naphtha, or any other paraffin oil of low boiling point. Any of

'€ Amer. Mon. Mie. Journ.” iv (1883), p. 58, from *Scientific and
Literary Gossip;” ¢ Journ. Roy. Mie. Soc.’ (N.S.), 18883, iii, p. 444.
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i these may be used, but naphtha and xylol are probably in
" most respects the best,

Amongst the solvents used for preparing objects for the
- paraffin-bath, the following are most to be recommended :
chloroform, turpentine, oil of cloves, oil of bergamot.
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CHAPTER XX.
FUSION IMBEDDING-MASSES.

226, Wax and 0il (Stricker’s formule, Roy's formula).—
Wax and oil in equal parts. The proportions may be varied
according as it is desired to obtain a harder or a softer mass.
The above are the proportions recommended by other capable
observers who have worked with this mass. The present
writer finds it to present a good consistency. In cold weather
somewhat more oil should be taken, and in very warm weather
somewhat more wax.

The objects are prepared by dehydrating in aleohol, and
soaking in oil of cloves until cleared. Wet the section-knife
with turpentine on its upper surface. The sections are freed
from the mass, if necessary, by means of turpentine (but see
ante, No. 219).

227. Wax and 0il (Foster and Balfour’s formula?).—Three
parts of white wax to 1 of olive oil. (For the emhbryology of
the fowl.) I have nottried it. Cutwith a knife wetted with
aleohol, kreasote, or clove oil.

Wax and oil form an excellent and trustworthy mass for
gimple imbedding.

228. Paraffin and Axunge (Huzley and Martin’s formula,
Foster and Balfour’s formula *).—Five parts of paraffin melted
with one part of paraffin oil and 1 of axunge. (For embryos

1 ¢ Handbuch d. Geweblehre,” pp. xxiii and 1202,
2 < Eléments d’Embryologie,” p. 296 (1877).
3 Thid.
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of the fowl.) The embryo is dehydrated in alecohol and satu-
rated with kreasote before imbedding. A good procedure for
simple imbedding. The section-knife should be wetted with
alcohol, kreasote, or clove oil.

229, Paraffin and Tallow (Seiler’s formulal).—Pure paraffin

| 2 parts, rendered mutton tallow 1 part. “ If poured into the
- well of the microtome at a temperature of about 120°, it will

not shrink away when cooling either from the tissue or from
the wall of the well.”

230. Paraffin with Turpentine (Gaule's method *)—Dehy-
drate the object in absolute alecohol, and then saturate with
oil of cloves. Put into turpentine for half an hour (or more
for a large object), and then for an hour or more into a mix-
of turpentine and paraffin kept melted on a water-bath at
about 40°C. Removefor one hour to a bath of pure paraffin
melted at a temperature of 60° C. Imbed in a paper tray.

The paraffin is removed from the sections if thick by
means of a bath of turpentine, if thin by benzin dropped on
to them on the slide. For exceedingly delicate specimens
another method may be used. TLay the section on the slide,
wet with absolute alcohol, and let the alcohol completely eva-
porate, leaving the specimen attached to the slide; cavefully
heat until the paraffin is softened or slightly melted. When
cool let a few drops of benzin—best applied with a brush—
run over the section until most of the paraffin is gone. When
dry apply the cover-glass, and put a thin solution of Canada
balsam in xylol to its edge. The xylol may be used instead
of benzin, but it is more expensive. (It gives better results
—AvUTHOR.)

«Select paraflin, if possible, which is bluish-transparent,
and which.rings slightly when struck. The white opaque sort

1 « Compendium of Microscopical Technology,” 1881, pp. 47, 48, ¢ Journ.
Roy. Mie. Soe.’ (N.8.), i, p. 840.

2 ¢ Amer. Mon. Micr. Journ.,” iii (1882), p. 14. ¢Journ, Roy. Mic. Soc.’
(N.8.), ii, p. 428.
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is by no means as good. Any addition of paraffin oil, tur-
pentine, &e., to soften the paraffin, renders it granular and
brittle, and is decidedly injurious to its cutting qualities.”

231. Paraffin and Chloroform (Gliesbrecht’s method').—
Chloroform is the readiest solvent of paraffin, and is at the
same time the most easily evaporated. These properties
render possible the following procedure. Objects to be im-~
bedded are saturated with absolute alcohol, and then brought
into chloroform (to which a little sulphuric ether has been
added if necessary, in order to prevent the objects from
floating). As soon as the objects are saturated with the chlo-
roform, the chloroform and objects are gradually warmed up
to the melting point of the paraffin employed, and during the
warming small pieces of paraffin are by degrees added to the
chloroform. So soon as it is seen that no more bubbles are
given off from the objects, the addition of paraffin may cease,
for that is a sign that the paraffin has entirely displaced the
chloroform in the objects. This displacement having been a
gradual one, the risk of shrinkage of the tissues is reduced to
a minimum, (The paraffin mass should be kept for some
time at its melting point over a water-bath, or better, in a dry
oven, in order that the chloroform may be completely driven
off, as the presence of chloroform makes the paraffin too soft
for thin section cutting.)

The discovery of chloroform as a solvent for paraffin is, I
believe, due to Biitschli and Blochman. . Undoubtedly the
procedure above described is one of the most exact methods
of interstitial imbedding yet made known.

Sections are cut dry ; if they have a tendency to roll they
must be held down on the section-knife with a small, flat,
camel’s-hair brush or other suitable instrument.

232, Paraffin and Chloroform (Bitschli’s formula?).—A

1 ¢ Zool. Anz.,’ No. 4 (1881), p. 484.
? <Biol. Central.,” i (1881), pp. 591-2. ‘Journ. Roy. Mic. Soe.’ (N.S.),
vol. ii, p. 708.




2% oy
% g

1t

TFUSION IMBEDDING-MASSES 1

it solution of paraffin (P melting point) in chloroform saturated
(U |r( at ca 35°. For the manner of employing it, see ante, No. 223.

233, Paraffin-Imbedding (Kossmann’s method"').—Kossmann
| prepares his objects in chloroform, and brings them direct
i from the chloroform into a bath of pure paraffin. He keeps
two sorts of paraffin, viz. of 56° and 36° melting point, and
mixes them in different proportions in order to obtain a mass
of the desired consistence, which should vary according to the
§l temperature of the workroom. He recommends for a tempe-
rature of 18° a mass of 48° melting point, and for hot
summer days the hardest kinds of paraffin unmixed. He

5l leaves his objects in the bath for from a few hours to two or

i three days. He uses an air-bath, with a Bunsen burner con-
§ nected with a Kemp-Bunsen gas regulator; he keeps ifi con-
k stantly heated to 50°, He imbeds in tin-foil trays.

234. Parafin + Ceresin + Vaselin Imbedding-mass

Ml (Schulgin’s formula 2).—Take paraffin of 55° melting point,

and add ceresin quant. suff. If the mass thus obtained be
Il too hard, add vaselin quant. suff. Ceresinresembles wax, but
i is stronger and tougher. Sections cut from the above mass and
| laid dry on the slide are not brittle. To prevent them curling
during cutting they may be held down with a small brush.

235. Paraffin 4 Vaselin (Frenzel’s formula®).—Paraffin
¥ 4 parts, vaselin 1 part.

236. Paraffin and Ether (Marsh’s method*).— This method
is similar to the chloroform process above described, the only
difference being that methylated ether is employed as the sol-
vent, instead of chloroform. The sections when cut are to be
soaked in alcohol (why ?), and are then brought into a test-
tube with a little more ether than is sufficient to cover the

1 <Zool. Anz.,” No. 129 (1883), p. 20.

2 Ibid., No. 129 (1883), p. 21.

3 Ibid., No. 180 (vol. vi), 1883, p. 51.

4 ¢ Microscopical Section-cutting,” 2nd ed. (1882), p. 68.

12
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sections and heated to the boiling point of the ether. The
cther is changed for fresh two or three times, and lastly
alcohol is substituted for it. Marsh is of opinion that this
method is “but a humbler substitute” for the freezing pro-
cess. Why in the world ether should be taken instead of
chloroform does not appear.

2347, Spermaceti and Castor-0il (Kleinenberg’s method *).—
Tour parts of spermaceti heated with 1 of castor-oil.
The objects are prepared by dehydration in alcohol, fol-

lowed by soaking in oil of bergamot. The superfluous oil is
removed from them, and they are well stirred about in the

nass with a warm needle. The mass is removed from the

sections by soaking for a few minutes in a mixture of 4 parts

ssence of turpentine with 1 of kreasote. The advantage of

1

this mass is that it is more easily removed from the sections
than other masses. It is an infiltration mass. Cut with a
lmife wetted with olive oil.

288, Spermaceti and Cacao-Butter (Foster and Balfour's
srmula ) —Four parts of spermaceti heated with one of

cacao-butter.

Use as in Kleinenberg’s method, ante No. 237.

239, Spermaceti, Castor-0il, and Tallow (Strasser’s for-
wula®) . —Spermaceti 4 parts, castor-oil 1 part, tallow 4 parts.

240. Transparent Soap Imbedding-mass (Flemming’s for-
mula*y.—Take transparent soap (which must be free from
clycerin, and it is therefore better to order from the maker

2 sample of raw soap, before it has been treated with glycerin
and made up into toilet tablets), dissolve it by theaid of heat

1 3 to L of its volume of spiritus vini (not absolute alecohol).
Preserve for use after filtration in a corked vessel. Melt by

! “Eléments d’Embryologie” (Foster and Balfour), pp. 296-8.

? Tbid., p. 296. '

3 ¢ Morph. Jahrb.,’ v (1879), p. 248, ¢ Journ. Roy. Mic. Soc.” (N.8.), i,
p. 840. ;
4 ¢ Arch. Mik. Anat.,’ ix (1873).
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warming when required. The object is prepared in aleohol :
after imbedding the mass is set aside to dry thoroughly for
one or two days. It is cut with a dry knife. The sections
are washed out with water and mounted in glycerin. They
may be stained after washing with carmine. (If they have
been stained before imbedding with ammonia-carmine, the
alkali of the soap will dissolve out the stain during the
washing, but picro-carmine stains are more resistant.) The
method succeeds best with osmium-preparations that have
been hardened in aleohol. It is intended for the preparation
of very delicate objects, such as chick-embryos.

241, Transparent,Soap (Pilzam’s formula ') —The following
account is taken from Salensky’s paper on the gemmation of
Salpa, 1. c.

Take good white soap (“ gewdhnliche Kernseife”), cut it
up into thin slices, and put them to dry in the sun for some
days, until they become white. The slices are then to be
rubbed up to a fine powder, which is mixed with spirit to the
consistency of porridge. Now mix the porridge with aleohol
and glycerin in such proportions that the whole shall contain
for every 10 parts by weight of the soap, 22 parts of glycerin,
and 35 parts of aleohol (90 per cent,). Letthe whole simmer
until there is obtained a perfectly transparent, syrupy, some-
what yellow fluid.

The ohbjects, previously dehydrated in alecohol, are imbedded
in this magss in the usual manner,

The mass may be removed from the sections either by means
of water or of very dilute alcohol:

Salensky considers that this is one of the best of imbedding
masses, especially for embryological preparations. It was
found to be the best of all for imbedding the stolon of Salps.
It has the following advantages: 1. It is transparent. 2. It
adapts itself perfectly to the objects. 8. It cuts remarkably
well,

1 ¢ Morph. Jahrb., iii (1877), 3tes Heft, p. 558.
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Objects may be stained either before imbedding or after
cutting. Carmine and hematoxylin both stain well sections
that have been cut in this mass.

242. Transparent Soap (Kadyi's formula').—Twenty-five
grammes of shavings of stearate of sodasoap (any stearate of
soda soap will do, but the most to be recommended is the
sort known in commerce as “ weisse Wachskernseife’) are
heated in a retort with 100 e.c. of 96 per cent. alcohol over a
water-bath until the whole is dissolved. Filter if necessary.
If a drop of the solution be now poured into a watch-glass it
will be seen that it almost immediately solidifies into a white
mass. Thisis not what is wanted, andis a sign that the solu-
tion does not contain water enough. Small quantities of
water are therefore added by degrees to the solution, and
the effect tested from time to time by pouring a drop of the
mixture into a watch-glass. The mass will be seen to become
more and more pellucid until a point is reached at which
it is almost perfectly transparent, with merely the slightest
blue opalescence. The preparation of the mass is then com
plete.

It is not possible to state a prior: the exact proportion of
water that should be added, as this naturally depends on the
amount of water already present in the sample of soap taken.
In very many cases it will be found that for about 120 g.
soap solution, 5 to 10 g. of water will be required.

It is necessary to be very cautious in adding the water, as
if too much be taken the mass solidifies more slowly or not at
all. The greatest amount of elasticity and consistency is
possesged by the mass at the moment in which it contains
exactly the minimum amount of water necessary to make it
transparent.

The reasons for this process are explained as follows. Stea-
rate of soda soap is soluble in divers proportions in warm
aleohol. On cooling, the solution either solidifies into a
! ¢Zool. Anz.,’ 87 (1879), vol. ii, p. 477.
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" homogeneous and pellucid mass, or into a white granular mass ;
or, in certain cases, does not solidify at all. The result in each
case depends on the proportion of water present in the solu-
ok tion. For instance, if 5 to 6 parts of a tolerably dry soap be

& dissolved in 100 parts of 96 per cent. alcohol, a solution
Ml is generally obtained that solidifies into a transparent mass.
| But such a mass is too soft, and its melting point too low;

; i it melts by the heat of the finger. If now, in order to get a

'8 harder mass, you add more soap, you will get a solution that

* .k solidifies on cooling into a white granuler mass; and it is only

"k after adding to it a cerfain (small) quantity of water that you
will obtain a solution that solidifies on cooling into a frans-
parent mass. If you add more water than is just absolutely
necessary to this end the mass will have too low a melting
point, and will solidify more slowly ; and if still more water
“{l be added the solution will not solidify for hours, or, indeed,
not at all. The more soap you have in your alcoholic solution
the more water must you add in order to get a transparent
mass ; and the more may you add without depriving the
¢ solution of the faculty of solidifying, Besides the mass
- prepared in the proportions given above, useful masses may
~§ be made for certain purposes with 10, 20, 30, 40 per cent., or
.l more or less of soap in alcohol. Weisker hasemployed amass

*§ composed of about equal parts by weight of soap and alcohol.
Such a mass is transparent, but yellow and oily, and takes a
‘{ long time to solidify. When cool it is very tough. It
requires a considerable temperature to liquefy it, and has less
| penetrating power than the more alecoholic masses. It is,
" however, very suitable for hard, and especially for chitinous
gtructures. ;

The mass recommended above boils at about 60° to 70° C.
Objects should be imbedded in it in a watch-glass or in paper
cases in the usual way. Whilst cutting, wet the knife and
the mass with strong alcohol (one advantage of this method
is that the knife remains perfectly clean). The sections are
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brought into 96 per cent. alcohol, which frees them from the
mass instantaneously if warmed, and after a time if left cold.
Wash with fresh alcohol, stain, and mount. An infiltration
method.
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CHAPTER XXT.
CONGELATION IMBEDDING-MASSES.

243. Fresh tissues may be, and are, frequently frozen
« without being included in any mass, and in certain cases very
i satisfactory sections can be obtained in this manner. Buf
i the formation of ice-crystals frequently causes tearing of
delicate elements, and it is better to infiltrate the tissues with
a mass that does not crystallise in the freezing mixture,
but becomes hard and tough. Gum-arabic affords such :
mass. Some workers use common gum water, which is eithe:
poured into the well of the microtome or round the object on
the object plate, according to the form of microtome used.
The following are Hailes’s directions: * Perfectly fresh
tissues may be cut without any previous preparation, using
ordinary mucilage (acacie) to freeze in, but most specimens
require special preparation. If preserved in Miiller’s fluid,
aleohol, &c., they require to be washed several hours in run-
ning water ; then, according to the suggestion of Dr D. J.
Hamilton, the specimen is placed in strong syrup for twenty-
four hours, and is removed to ordinary mucilage acacie for
forty-eight hours and is then cut in the freezing microtome.”
The mucilage used is mucilage acacia (B. P.), which is poured
into the well of the microtome, and the object placed in it.
244, Syrup and Gum Congelation Mass (Hamilton's
method ¥).—Hamilton cuts sections (of hardened brain) in
a Rutherford’s freezing microtome. The hardening re-agent

1 ¢ Journ. of Anat. and Phys.,’ 12 (1878), p. 254.
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having been soaked out by water the tissues are prepared for

freezing in the following manner, which it is important to
observe, otherwise it will be found that the crystals of ice so
brealt up the delicate nervous tissne as to render it totally
useless for minute examination. The tissues are to be well
soaked in syrup. The sugar somewhat retards the freezing,
and besides, seems to alter the manner of crystallisation, so
that instead of the ice being spicular in form it becomes
granular and does no injury to the parts.

The syrup requires to he of a particular strength, viz.
double refined sugar, 2 ounces ; water, 1 fluid ounce.

‘Wash the superfluous syrup from the surface, and put into
the ordinary mucilage for an hour or so before cutting.
Imbed in the freezing microtome with mucilage in the usual
way. Float the sections into water.

245. Gum and Syrup Congelation Mass (Cole’s formula?).
—Gum mucilage (B. P.) 5 parts; syrup, 8 parts. (For brain
and spinal cord, retinee, and all tissues liable to come in pieces
put 4 parts of syrup to & of gum). Add 5 grains of pure
carbolic acid to each ounce of the medium.

(Gum mucilage (B. P.) is made by dissolving 4 ounces of
picked gum acacia in 6 ounces of water.)

The syrup is made by dissolving 1 pound of loaf sugar in 1
pint of water and boiling,.

This medium is employed for soaking tissues previous to
freezing. They may remain in it for “any length of time;
all the year round * if desired.

The freezing is conducted as follows: the gum and syrup
is removed from the oufside of the object by means of a cloth ;
the spray is set going and a little gum mucilage painted on
the freezing-plate ; the objectis placed on this and surrounded
with gum mucilage; itis thus saturated with gum and syrup,
but surrounded when being frozen with mucilage only. This

! ‘Methods of Microscopical Research,” 1884, p. xxxix. ¢Journ. Roy.
Mie. Soc.” (N.8.), iv (1884), p. 318.
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" combination prevents the sections from curling up on the one

98 hand, or gplintering from being too hard frozen on the other.

| The mass ought to cut like cheese. Should freezing have been
carried too far wait a fewsseconds.

246. Gelatin Congelation Mass (Sollas’s method 1).—* In-
F stead of gum one uses gelatin jelly. This is prepared and
clarified in the usual manner. It should set into a stiff mass

"84 when cold. . . . The tissue to be cut is transferred from

i water to the melted jelly and should remain in it till well per-

g r} meated.”

The sections are transferred to a slide as soon as cut. On
touching the glass they adhere to it. When enough sections
have been thus arranged they are covered with a drop of
i glycerin; a cover is put on, and the mount closed with any
i suitable cement. In process of time the glycerin will permeate
i the gelatin and convert it into glycerin jelly; this may be
| hastened by placing the slide in an oven kept at about 20° to

A 30° C.

1 ¢ Quart. Journ. Mic. Soc.,” xxiv (1884), pp. 163-4. ¢ Journ. Roy. Mie.
Soc.” (N.S.), iv (1884), p. 316,
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CHAPTER XXII.

COAGULATION IMBEDDING-MASSES.

247. Egg Emulsion (Calberla’s formulal).—The white of
several eggs is separated from the yolk, the chalaze are
removed, and the white is cut up with a pair of scissors.
Fifteen parts of the white are then mixed with 1 part of a
10 per cent. solution of sodie carbonate (10 parts of calcined
soda to 100 of water) and briskly shaken. To the solution
of albuminate of soda thus obtained the yolks of the eggs are
now added and the whole is well shaken up. The mass is
then poured into a deep vessel, allowed to settle for a short
time, the foam and floating fragments of vitelline membrane
are skimmed oft with a strip of paper, and any larger pieces
removed with forceps. The mass is then ready for use.

The objects to be imbedded are soaked in water forfrom three
to ten minutes, in order to free them from the liquid in which
they have been preserved. They are then soaked for from five
to ten minutes in a portion of the egg mass placed in a shallow
vessel (very delicate objects are soaked in common white of
egg instead of egg mass). They are then fastened (with
needles or otherwise) to the freshly-cut surface of a piece of
egg mass that has previously been hardened by the process
deseribed below, and are then hardened by the same process.
(If the objects are very small, the freshly-cut surface of
hardened mass on which they are to be fixed is covered with
a few drops of the emulsion, and the objects are arranged
in this when it is nearly dry, which happens in five minutes’

1 «Morph, Jahrb.,” Bd. ii, 8tes Heft (1876), p. 445.
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time, Very delicate objects are fastened as follows: thin

Ik slices of hardened mass are made, the alcohol that adheres to
b them is washed away with water, they are dried with blotting-
it paper and soaked for from ten to twenty minutes, or longer,in
lk the freshly prepared mass. The objects to be imbedded are
lk then arranged on a freshly-cut surface of old mass, as before
It directed, and are covered with one of the prepared slices

of old mass ; the slice is then fastened down with pins. It
iy sometimes advantageous to mount very delicate objects

il between two prepared slices of hardened mass, and then to fix
il the whole on the supporting block of hardened mass.)

The objects having been arranged in one of these ways ona
block of hardened mass, the block is placed in a paper mould

: and fluid mass poured on to it to the height of at least 15 to
' 2 centimetres above the objects. The whole is then brought

into a capsule containing such a depth of 75 to 80 per cent.
aleohol that the mass is immersed in it to one half its height
or somewhat more. The capsule is then placed on a water-
bath ; is covered with an inverted funnel; and the whole
heated to such a temperature that the alcohol does not quite
boil. After half to three-quarters of an hour of this treat-
ment the objects are brought into cold spirit, and the needles
and all superfluous paper are removed. (On removal from
the hot alcohol the mass ought to have ““the consistence of
gum.’) They are then put away in alcohol of 85—90 per
cent., which is changed for fresh at the end of twenty four
hours. After twenty-four hours more the mass iy ready for
cutting. (If the alcohol be changed three or four times during
the first twenty-four hours, the mass will be hardened quicker.
The longer the mass remains in the alcohol after forty-eight
hours, that is, in the first change of aleohol, the better will
be its consistency for cutting. But the alcohol should not be
changed after forty-eight hours, except in the case of very
resistant objects, such as chitinous structures, as further
changing of the alcohol makes the mass too hard.)
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Cutting is done with a knife moistened with alcohol.

The fluid mass may be preserved unchanged for a few days
by placing in it a few lumps of camphor or thymol.

The advantages of this mass are that it enables very fina
sections to be cut, that it gives to brittle objects the desired
consistency, and that it enables the operator to place the
object with perfect precision in any desired position, Cal-
berla states that he has never observed any injurious effect
of the high temperature (70° to 75° C.) on the objects.

This is not an infiltration-mass, according to Calberla’s
account. He recommends that if the preparations contain
cavities, these should be filled with the fluid mass by injec-
tion before imbedding. But if the mass does not infiltrate
the tissues, it is difficult to understand how it can render
brittle objects ¢ extraordinarily euttable—ausserordentlich
schnittfiliger.” Tt is therefore probable that during the
soaking in the fluid mass a certain superficial infiltration does
take place.

248. Modifications of Calberla’s Method.—This method of
preparing the mass has been modified by other workers by the
omission of the carbonate of soda treatment, the yolk and
albumen being mixed by trituration for a few minutes in a
mortar. The mass is then strained through linen to remove
any solid fragments that may remain in it.

Objects are imbedded in the mass in paper trays. Small
objects (ova) are imbedded in hollows scooped out on the
surface of a small block of previously hardened mass. Hert-
wig fixes them in position in the following way. The hollow
in the block is wetted with some freshly prepared fluid mass,
the object is placed in position in it, a drop of absolute
alcohol is then added, which coagulates the fluid mass, and
the object remaing fixed in position.

The objects having heen imbedded in the trays are hardened
either by the method of Calberla described above, or by
heating for several days in alcohol steam of not more than

X
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180° C. temperature,! followed by treatment for some days with
licold alcohol.

Thoma states that it is very important that the tempera-

ture of the alecohol steam should not exceed 830° C., or innu-
merable air-bubbles will develop in the emulsion. A dis-
Madvantage of the process is that the mass cannot be easily
0 detached from the sections, and we have no means of dis-
hsolving it in media which do not injure the objects. It is
Malso generally necessary to stain the objects n foto before
sifbimbedding, as the mass stains in all the staining-fluids
generally used, and becomes very, visible in the prepara-
tions.

(4t Naples both Selenka’s and Calberla’s methods have been
abandoned, partly on account of the agqueous noture of the
4 process, and partly on account of the long immersion in the
M warm liquid that is necessary.—AuTHOR.)

249. White of Egg (Selenka’s method?).—The mass used
18 pure white of egg.

i The object, previously freed from alcohol, which would
- cause the formation of bubbles, is soaked for an hour or for
il several hours, until it is thoroughly permeated, in white of
egg. It is then imbedded in the mass in a paper tray.
(Strong paper should be used for the tray, or bubbles may
appear during the heating.) The tray is then heated in
i F steam, or, still better, in dry air. For instance, the tray is
1§ placed in a small glass vessel (covered with a glass plate) set
¥ on a piece of wire netting over a water-bath. The water is
] kept boiling for some twenty minutes. The mass has by
this time become hard enough to be ready for the next step
i in the process. It is thrown into strong spirit, which is
changed once or twice in the course of one or two days, and

1 See the description and figure of Thoma’s water-bath in ‘ Journ. Roy.
Mic. Soc.” (N.S.), iii (1883), p. 304. The water-bath is supplied by R.
| Jung, Mechaniker in Heidelberg, for 22 mark (=£1 2s.).

2 ¢ Zool. Auz.,’ 6 (vol. i, 1878), p. 130.
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for which absolute alcohol is atlast substituted. After a few f
days the paper may be removed and the mass cut.

It is advantageous to clear the mass before cutting by §
soaking it for a day or two in clove oil or turpentine, not-
withstanding that this process malkes the mass somewhat §
softer, the perfect transparency imparted to the mass being f
advantageous for placing the object in position. The sections |
obtained may be mounted direct in balsam without freeing
them from the mass, which under the microscope is almost or
quite homogeneous.

If the mass should have become overhard in the alcohol,
it may be softened by soaking in water (or to a certain extent
in clove oil or turpentine).

“ One advantage of this process is that it is not necessary
that the objects should be previously hardened with so much
care as 18 necessary for paraffin-imbedding.” Selenka found
the process applicable for siliceous and calcareous sponges,
for worms, and for embryos of the fowl.

250. Albumen imbedding methods have the following
common points. They are methods of imbedding by the wet
way ; that is, they do not require that the objects should be
dehydrated and treated with chloroform, essential oils, ether,
or other solvents of paraffin or collodion. . The tissues retain
their natural fatty and agueous constituents, and this, from
a histological point of view, is in many cases an important
advantage. Another good quality of these methods is that
they allow of the cutting of very thin and perfect sections
from the most friable objects. Their great defect is that no
means have been found for removing the mass from the sec-
tions when cut. Its presence in the tissues renders subse-
quent staining extremely difficult or impossible (as the albu-
men takes on a stain with most of the usual colouring agents,
and does not always yield it up on washing out), and, which
is worse, produces confusion in the microscopic images and
introduces causes of error into the interpretation of them.

e
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CHAPTER XXIII.

EVAPORATION IMBEDDING-MASSES (GUM, GELATIN, COLLO-
DION, ETC.).

251, Gum and Glycerin (Joliet's formula').—Pure gum
arabic dissolved in water to the consistency of a thick syrup.
(Solutions of gum sold under the name of strong white liquid
glue (? colle forte blanche liguide & froid) may also be used ;
they have the advantage of having a uniform consistency.)
Pour a little of the solution into a watch-glass, so as not
quite to fill it, add from 6 to 10 drops of pure glycerin, stir
until thoroughly mixed.

Between the limits of 6 to 10 drops of glycerin the propor-
tions most suitable to the nature of the object and to the
geason of the year must be found by experimental trials. In
the winter or in rainy weather less glycerin should be taken
than in the summer or dry weather.

It is often well to soak the object in glycerin before putting
it into the mass. In this case less glycerin should be added
to the gum, in proportion to the amount of glycerin contained
in the object. J

The object is imbedded in the mass in the watch-glass, and
the whole left to dry for from oneto four days. When it has
assumed a cartilaginous consistency, a block containing the
object is cut out, turned over, and allowed to dry again until

1 ¢ Arch. Zool. exp. et gén., x (1882), p. xliii. *Journ. Roy. Mie. Soc.”
(N.8.), ii (1882), p. 890.
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wanted for use. A stove, or the sun, may be employed for

drying, but it is best to dry slowly at the normal tempera-
ture. The block may be preserved in good condition almost
indefinitely, the gum, when mixed with a sufficient quantity of
glycerin, never becoming hard or brittle. It is generally
better to wait till the blocks have assumed such a consistency
that they cannot be easily bent. It is after having waited
almost a week that the author always obtained the best sec-
tions. The gum is dissolved out from the sections by means
of a drop of water on the slide. The sections are then
covered, and a drop of glycerin being added, the preparation
is complete as soon as the water has evaporated.

An infiltration-mass. It has the advantage of being trans-
parent. Joliet employs it for Pyrosoma. A similar mass was
employed by Hertwig for Clenophora (‘Jen. Zeitsch.’ xiv
(1880), pp. 818—814; ‘Journ. Roy. Mie. Soc” (N.S.), ii,
p. 278).

It would probably be advantageous to add some preserva-
tive substance to this mass.

252. Gum-Imbedding (Stricker’s method').—A concentrated
solution of gum arabic. The object may be prepared in
aleohol and imbedded in the gum in a paper case. The
whole is thrown into alecohol, and after two or three days may
be cut.

(It is better to add a little glycerin to this mass.—AvrHOR.)

2563, Gelatin (Kaiser’s formula 2).—One part by weight of
the finest French gelatin is left for about two hoursin 6 parts
by weight of water; 7 glaafuzx{:;s of glycerin are added, and for
every 100 grammes of the mixture 1 gramme of concentrated
carbolic acid. The whole is warmed for ten to fifteen minutes,
stirring all the while, until the whole of the flakes produced
by the carbolic acid have disappeared. Filter whilst warm

' «Hdb. d. Gewebel,,’ p. xxiv. ‘
2 ¢ Bot. Centralb.,” i (1880), p. 25. ‘Journ. Roy. Mie. Soc., iii (1880),
p. 504.
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‘through the finest spun glass which has been previously
iwashed in water and laid whilst wet in the filter.
[l The objects should have a warm bath in the mass until
ipenetrated by it. They may be cut in the mass as soon as
cool, if they are of a suitable consistency, or the mass may be
treated with absolute aleohol for from ten to thirty minutes,
i@ by which means any degree of hardness may be imparted to
4 fitit. The mass is removed from the sections by washing on the
slide with a fine jet of warm water,
A transparent infiltration-mass.
254, Glycerin-Isinglass (Glycerin Jelly) (Klebs’ formula ).
—A concentrated solution of isinglass is mixed with half its
midvolume of glycerin. This mass may be hardened if desired
. &in either alcohol or chromie acid.
255, Collodion Imbedding-mass (M. Duwval’s method 2)—
Collodion appears to have been first employed (in the dry state)
Emby Latteux ( Manuel de technique Microscopique,” p. 236), in
order to obtain sections of hairs. If, however, it be desired
to employ it for imbedding delicate structures, such as
embryos or blastoderms, it will be found that the collodion in
drying countracts so strongly as to cause distortion of the
imbedded structures. This may be avoided by the following
process :
The objects are hardened in the usual way; they are
| kstained in toto (if this be considered more convenient than
'j 'staining the sections when made), and are soaked in alcohol.
They are then plunged for a few minutes in ether and brought
into normal collodion (free from. castor-oil), where they
s dremain till thoroughly permeated. (From fen minutes to
ftwenty-four hours if there be cavities that it is desired to fill
land support.) They are taken out of the collodion and
thrown into alcohol of 86° (If the objects are small and
delicate, so as to require support during cutting, they are

1 ¢ Arch. Mik. Anat.,” v (1869), p. 165.
2 Robin’s ¢ Journal de I'Anat. et de la Phys.,’ 1879, p. 185.
13
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placed on a piece of pith to which they will adhere on being
put into the aleohol.) The alecohol immediately causes the
collodion to solidify, without contraction, into an elastic mass
which supports every part of the contained structures. Sec-
tions may then either be cut at once, or the objects may
be left in the alcohol till wanted for any length of time
without further change.

The sections are cut with a knife wetted with 36° alcohol
and are floated into water or on to the slide.

If the object was not previously stained en masse, the
sections may now be stained by carmine or picro-carmine in
the usual way. There is no need to remove the imbedding-
mass, as it does not take the stain.

They may be mounted simply in glycerin ; the collodion
will remain as clear as glass. Duval found that he could not
mount them in halsam or dammar as these substances made
the collodion “opaque and granular.” (I am unable to
understand this, as I have long mounted mine in balsam or
dammar, and found them remain perfectly transparent. Duval
does not state what clearing agent he employed for dis-
alcoholisation.) He obtained, however, satisfactory results
by dehydrating rapidly with absolute alcohol (abselute alcohol
dissolves collodion in a short time, and a delicate section
would thus be deprived of the support necessary to hold its
parts together), adding (on the slide) a drop of oil of cloves,
(which entirely dissolves the collodion) and closing the mount
with chloroform-balsam.

256. Collodion-Imbedding (the Awthor’s method).—Hav-
ing for many months employed the collodion method with
most satisfactory results, I shall probably do well to relate
here the details of any practice. I dehydrate my objects
with alcohol, soak them in ether, put them into a porcelain
mould, and cover them with collodion. I then cover the
mould with a shade, and leave it for a few hours. As soon
as the collodion (of which only just enough to cover the
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object should have been taken) has so far shrunk that the
object begins to lie dry, a drop of collodion is added, and the
rwhole left as before. This process is repeated every few
‘hours for two or three days, at the end of which time it
i will generally be found that the object is imbedded in a
tmagma of half-dry collodion of sufficient hardness for sec-
tion-cutting. The mass is then scooped out of the mould
and preserved till wanted in 70 per cent. or 80 per cent. alcohol.
(Soft tissues do mot shrink under this treatment. I have
obtained by this means admirable sections of the most deli-
 cate sponges, for instance.) I cut with a knife wetted with
70 per cent. alcohol, and float my sections into a wateh-glass
with 70 per cent. alcohol, which is gradually changed for

lr;stronger up to 90 per cent. (Stronger must not be used.)

I then clear as rapidly as possible with oil of cloves or
carbolic acid, and mount in balsam. If the dehydration
with 90 per cent. alcohol and the clearing with clove oil be

‘it g performed rapidly, the mass will not dissolve out; it softens

and becomes perfectly invisible, and I believe it is this which
may have led Duval to believe that it was dissolved, whilst
in reality its presence was only masked by the identity of its
 refractive index with that of the clearing medium.

Objects should be stained em masse before imbedding
unless the sections are to be fixed and stained on the slide.

I consider that there is only one defect in this method, and

umh & that is the impossibility of obtaining a mass hard enough to

admit of the cutting of the very thinnest sections, without
causing shrinkage in the specimen.  For the point at which
the drying-up must be arrested in order that the tissues may

it f not suffer, is one at which the magma of collodion is not yet

sufficiently hard from the mechanical point of view of section-
cutting. This defect in part is eliminated by the use of a
special collodion, viz. Schering’s “ celloidin ™ (see below). I
i should mention that I was led to the method of partial and
gradual drying-up, by finding that when I followed Duval’s
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instructions to throw the imbedded objects at once into 36°
aleohol, T was unable to obtain a sufficiently resistant mass.
It is possible that the collodion I employed was not of a
suitable nature.

257, Celloidin.—Celloidin is a preparation of pure pyroxy-
lin, patented for Germany and England under the name of
¢ Schering’s celloidin.” - It is manufactured by the Chemische
Fabrik auf Actien (vorm. E. Schering), Berlin, N. Fenstrasse,
11, 12. Tt may be obtained through the post by writing to
Schering’s Grime Apotheke, Wittick and Benkendorf, Berlin,
N. Chaussée-Strasse, No. 19.

Tt is stated to be prepared with the purest pyroxylin, and
to be always of a uniform composition. It is sent in the form
of tablets of a tough, gelatinous consistency and slightly
milky-white transparency. These tablets have exactly the
consistency that is required for section-cutting. They con-
tain 20 per cent. of pure pyroxylin. Celloidin is entirely
soluble, in all proportions, in ether and alecohol. It is free
from acids. It is not detonant. If ignited it burns like
paper; heated in a test-tube it carbonises without exploding.

In order to make a 2 per cent. collodion, take one tablet of
celloidin (which contains 40 grammes of the dry pyroxylin)
and such a quantity of alecohol and ether that the whole
shall weigh 2000 grammes. For a 3 per cenf. collodion you
take such a quantity of alecohol and ether that the whole
shall weigh 13383 grammes; and for a 4 per cent. collodion
such a quantity that the whole shall weigh 1000 grammes.
The relative portions of alcohol and ether may be taken
according to diseretion. To prepare a medieinal collodion
according to the Prussian pharmacopeeia, you take for each
tablet 720 graing of ether and no alcohol, as the celloidin
already contains the preser